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Question: Is Flux Tube a bosonic string?

In QCD quarks are confined in bound states by forming flux-tubes of 
chromo-magnetic  and chromo-electric flux 

 Long flux tubes behave pretty much like strings

At some point they break (string breaking)

 

There should be a Low Energy Effective String Theory model describing 
the energy spectrum of the flux tube
- In addition to string modes are there other kind of (massive) excitations?



• Is there a theoretical description for the confining flux-tube in D=3+1 & D=2+1 ?

• Confining flux-tube: 

Question: Is Flux Tube a bosonic string?

 Open Flux-Tube 

 Closed Flux-Tube (Torelon) 

•  Pure gauge phenomena are also present...

• Glueball – Flux-Tube mixing 

• Flux-tube – anti-Flux-Tube mixing

• Possible low-energy effective string theoretical description? 

• Cannot capture pure gauge phenomena! 

• Might be possible in the Large-N limit!  

• Investigate Closed Flux tubes in the Large-N limit

Compactify 

 

t’ Hooft Coupling
Is kept fixed

Have a look at S. Coleman’s (Aspects of Symmetry)  



Effective String Theory for (long) strings
• Contributions by
M. Lüscher ’81, J. Polchinski & A. Strominger ‘90, M. Lüscher & P. Weisz ’04, O. Aharony et al ’07 – 11, S. Dubovski et al ’12 – 19

• Quantize the Bosonic String (Nambu-Goto String)  

 



Effective String Theory for (long) strings
 

…
.



 

The Lattice

 

 

 

Yang-Mills theory on the Lattice

Gauge Invariant



• Construct a large basis of Operators with the RIGHT QUANTUM NUMBERS

• Calculate the correlation function (Matrix)

• Diagonalize the matrix

• Extract the eigenvectors

• Extract the correlator for each state

• By fitting the results, we extract the mass (energy) for each state

Lattice Calculation: Correlation Function

 

 



Operators Building

 

We build the path order product of links along the spatial direction → Polyakov Loop

 

 

 
Polyakov Loop

What
Quantum Numbers
Can we give to this 
Object???



Parity

In D=2+1

In D=3+1

Translation to Strings (phonons) in D=2+1  



Spin – Intrinsic Angular Momentum
On the Lattice things are a bit different…. Imposing Spin in an operator i.e 



Parity & Spin

In D=2+1

In D=3+1

Translation to Strings (phonons) in D=3+1
We have two transverse directions  



Parity & Spin Example of Operators



Parity & Spin Example of Operators

∼ 1000 different operators with transverse deformations

Examples of transverse deformations in 2 & 3 spatial dimensions:



Results: the D=2+1 case
String States & Quantum Numbers

Quantum numbers Ground state 1st excited state 2nd excited state 3rd excited state 4th excited state

●

Results for SU(6)

Lattice Channels:

Positive Parity, 𝑞=0
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Results: the D=2+1 case
Results for SU(6)

Negative Parity, 𝑞=1 Positive Parity, 𝑞=1



Results: the D=2+1 case
Results for SU(6)

Negative Parity, 𝑞=2 Positive Parity, 𝑞=2



Results: the D=3+1 case
String States & Quantum Numbers Results for SU(3) and ground states for several values of q
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Results: the D=3+1 case
String States & Quantum Numbers Results for SU(3) and q=0
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Looks like a constant mass 
on the ground state



Results: the D=3+1 case
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Looks like a constant mass 
on the ground state

S. Dubovsky, R. Flauger, V. Gorbenko ‘13
• Calculating the energy shifts from the S matrix of 

colliding winding phonons
• Using approximate integrability as well as the 

Thermodynamic Bethe Ansatz
• Test what happens when we have both left and 

right movers – energy levels cannot explain the 
anomalous state

•  the most straightforward way to explain this 
level is the introduction of a massive 
pseudoscalar particle φ on the worldsheet 

•  field φ as the worldsheet axion
• By fitting the two free parameters: 

arXiv:1301.2325arXiv:1301.2325



Outline

• The flux tube looks pretty much like a bosonic string even for short flux tubes

• Looks like there is a massive “axion” particle on the worldsheet of the flux tube in D=3+1

• However we would like to know what happens for higher excitations in D=3+1

• How does the “axion” behaves in the existence of a θ-vacuum?

• What happens for long flux tubes (level crossing)?


