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Why Spectral Functions?
• Källén–Lehmann spectral 

representations encode analytic 
properties of propagator


•   


• Unitarity requires  to be 
positive-definite and 
normalisable


• Test Unitarity in Quantum 
Gravity?
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Quantum Gravity and QCD

• Elementary Fields are gauge variant


• Existence of Spectral Representation is not guaranteed


• Complex Conjugated Poles?


• Additional Branch Cuts?


• Can we get analytic insights?
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QCD in the Banks-Zaks Phase
• QCD with  colours and  massless 

Quarks 
        

            


• IR controlled by Banks-Zaks fixed point  


• 


•     
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How to obtain the Propagator?

• Perturbation Theory + Callan-Symanzik 
equation


•  need to be resumed


• 


• 


• Euclidean Propagator agrees with FRG

log(−p2/μ2)

Gϕ =
1
p2

𝒩ϕ

1 + Π(1)
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Properties in the Complex Plane

ε = 0.5 ε = 2.5 ε = 2.7

• Propagators inherit analytic properties of running coupling


• Gauge-invariant branch cuts of  show up in propagatorā(p2/μ2)
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Existence Guaranteed for small ?ε

• 


• In IR 


• For , divergence in IR prevents KL representation to exist! 

• Existence depends on gauge


• Gluons:  


• Quarks:  
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Norm of Spectral Function

• 


• Norm determined by UV behaviour!


•  

• Gluons:                 Quarks:  
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Gluon Spectral Function
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• Positive definite and normalisable Gluon spectral function exists


• Stable for rather large ε



Quark Spectral Function
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• Normalisable Quark spectral function does not exist


• Less stable than gluons



Conclusions
• We studied Spectral Functions analytically in Banks-Zaks QCD


• Different Effects can abolish the KL representation:


• Branch cuts of the running coupling


• Diverging Behaviour of the Propagator in the IR


• Large Parameter Regime where positive-definite KL representation exists!


• Open Questions:


• Spectral functions in asymptotically safe theory?


• Bound states?
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