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QCD in the ‘t Hooft limit

This is the QCD Euclidean Lagrangian:

● It is known that if we send                  keeping                         constant 
(planar limit) we are left with a theory of free glueballs and mesons.

● To the leading large      order (planar limit) only diagrams with the topology of 
a sphere survive.

● Moreover in the large     expansion glueball and mesons are weakly 
interacting with coupling      or        respectively



QCD in the ‘t Hooft limit
There have been several attempts to find an analytic solution to describe the ‘t 
Hooft limit of QCD, tackling the problem with different approaches (Strings, 
topological theories, duality etc.etc.)

[1] Bochicchio, M. Glueball and Meson Spectrum in Large-N QCD . Few-Body Syst 57, 455–459 (2016)
[2] Bochicchio M., An asymptotic solution of Large-N QCD, for the glueball and meson spectrum and the collinear S-matrix AIP Conf.Proc. 1735 (2016), 
     and Bochicchio M., to appear on arXiv

We want to use measurements 
of the spectrum of  SU(N) 
Yang-Mills theory in the ‘t 
Hooft limit to investigate the 
feasibility of a 
semi-topological approach [2]
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https://link.springer.com/article/10.1007/s00601-016-1100-6
https://doi.org/10.1007/s00601-016-1100-6
https://pubs.aip.org/aip/acp/article/1735/1/030004/1018342/An-asymptotic-solution-of-Large-N-QCD-for-the


The lattice setup

● Wilson plaquette action for the gauge group 

● Heatbath (Cabibbo-Marinari) + overrelaxation updates in a 1:4 mixture

● Periodic Boundary conditions

● Improved actions would make the 2-level sampling less efficient

Quenched glueball and meson spectrum in the ‘t Hooft limit of lattice Yang-Mills theories 4



Quenched glueball and meson spectrum in the ‘t Hooft limit of lattice Yang-Mills theories 5

Our lattices
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Our lattices
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Our lattices



Quenched glueball and meson spectrum in the ‘t Hooft limit of lattice Yang-Mills theories 8

The operators

Our operator basis:

We are using a basis made of wilson loops of length up to               computed at 4 different APE 
smearing levels of the gauge configurations.

We use subduced representations to produce linear combinations of our loops that transform according 
to irreducible representations of the enlarged cubic group.

⨉

4 APE smearing levels

[1] G. Korcyl*, S. Cali and P. Korcyl, Evaluation of SU(3) smearing on FPGA accelerator cards, doi.org/10.22323/1.396.0048 

[1]

https://link.springer.com/article/10.1007/s00601-016-1100-6
http://doi.org/10.22323/1.396.0048
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The cgRed package

Reorganized reduction scripts into a handy python package to perform        reduction for arbitrary 
loop shapes.
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The operators
We are using a basis made of wilson loops of length up to               computed at 4 different APE 
smearing levels of the gauge configurations.

2 point correlators

GEVP
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The Multilevel algorithm 

Because of the severe 
statistical noise affecting 
glueball correlators in the large 
time separation limit we have 
implemented a multilevel 
algorithm.

We use the locality of the 
Wilson action to turn our 
montecarlo averages into 
nested averages over different 
boundary configurations.

[1] Meyer H. Locality and Statistical Error Reduction on Correlation Functions, arXiv:hep-lat/0209145

[1]

https://arxiv.org/abs/hep-lat/0209145
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The Multilevel algorithm

When we are measuring 
correlators of operators at 
time slices that reside in 
different regions of the 
lattice the path integral will 
factorize into an average 
over boundary 
configurations.

Example:

This greatly reduces the error on the correlator, especially in the large time-separation 
region, which is also the most critical for reliable extraction of the glueball masses.

[1] Meyer H. Locality and Statistical Error Reduction on Correlation Functions, arXiv:hep-lat/0209145

[1]

https://arxiv.org/abs/hep-lat/0209145
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The Multilevel algorithm
We build                  for each           pair 
using multilevel only in pairs residing in two 
different dynamical regions.

dt averaging

We use optimal averaging along the lines 
of [1]. This also provides a convenient 
sanity check that the algorithm works by 
keeping track of the resulting weights in 
the average.
[1] Barca, Knechtli, Peardon, Schaefer, Urrea-Niño, Performance of two-level sampling for the 
glueball spectrum in pure gauge theory (2023) arxiv:2312.11372

Example L = 20, delta = 10

https://arxiv.org/search/hep-lat?searchtype=author&query=Barca,+L
https://arxiv.org/search/hep-lat?searchtype=author&query=Knechtli,+F
https://arxiv.org/search/hep-lat?searchtype=author&query=Peardon,+M
https://arxiv.org/search/hep-lat?searchtype=author&query=Schaefer,+S
https://arxiv.org/search/hep-lat?searchtype=author&query=Urrea-Ni%C3%B1o,+J+A
https://arxiv.org/abs/2312.11372
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The Multilevel algorithm
● After dt-reduction this is what we are left 

with.

● At equal effort the maximum improvement 
on the errorbars scales like       

● Equal effort comparison (i.e. constant        
shows how the theoretical efficiency is 
reached when the statistical share of 
multilevel contributions to          saturates

n5/lat3 - A1++
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The Multilevel algorithm

n5/lat3 - A1++
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Meson observables
● We are also interested in the reconstruction of 

the leading meson trajectory above S = 1.

● We use quark bilinears with the insertion of the 
covariant derivative as interpolators. And 
measure independently the rho and pi mass for 
consistency.

● Preliminary runs have been performed for 
SU(10) at an earlier snapshot of the data on 3 
of the 4 lattices
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Spectrum results (preiminary)

Still not ‘t Hooft extracted 
but SU(10)

disclaimer

Trajectories and points are 
based on STFT 
predictions [1]

[1] Bochicchio M., An asymptotic solution of Large-N QCD, for the glueball and meson spectrum and the collinear S-matrix AIP Conf.Proc. 1735 (2016), 
     and Bochicchio M., to appear on arXiv

https://pubs.aip.org/aip/acp/article/1735/1/030004/1018342/An-asymptotic-solution-of-Large-N-QCD-for-the
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Thank you for your kind attention!
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Backup slides
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n. cool (CabMar) =10
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n6/lat4 - n. cool = 10

Along the “inner” 
markov chain we 
observe Q 
autocorrelation 
comparable to the 
“outer” markov chain


