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main purpose of the talk: to highlight results and questions about the new infinite volume based ﬂ-function
on the gradient flow

e Lattice 2017: the origin of the method and the challenge of going to infinite volume

* Applications to the nf=10 BSM model including the newly claimed IRFP  arXiv:2306.07236

« Short summary of recent focus: the scale dependent aS coupling at the Z-pole in QCD


https://arxiv.org/abs/2306.07236
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original sextet algorithm for 5(¢(g?)) = t dg?/dt :

sextet model p-function defined in infinite volume  approached from p-regime

step 1 (a) select target renormalized coupling g2 on the GF held fixed at several lattice spacings
(b) at each lattice spacing in the p-regime calculate ¢ dg?/dt on the flow at several
fermion masses, for several L at each m

step 2 at each lattice spacing for each m take L — oo limit of M_, t,(g?), tdg?*/dt

M? M? M?> M
fo=toen|1+k _ 4+ k _log| L) +k X Golterman, Baer
0 h( Yanp? T anyy Og(uz ) 3(47rf)4)

step 3 at target g2 take chiral limit m — 0 at each lattice spacing for ¢, tdg?/dt

step 4 repeat for 3 lattice spacings and take a?/t — 0 continuum limit of g = tdg?/dt
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step 4 calculated directly with massless fermions, the model is probably not conformal with confidence
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control of infinite volume limit is critical and more challenging than

for the step ﬂ-function running with the physical volume

balance:

required large volumes can be matched to large volumes with mass
deformations anyway
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The main idea behind the new infinite volume based mf—>0 function from the p-regime:

o [f the limiting ﬂmf—>0 function from the p-regime matches the infinite volume based ﬂmfzo function, calculated
directly with massless fermions, the model is probably not conformal with added confidence in the analysis.

« There was concern about the reliability of the infinite volume extrapolation of the direct ﬂmf=0 beta function and
not implemented in the sextet model with insufficient data.

o Before 2019, experimenting with various m=0 direct implementations of :Bmf=0’ tests worked better with mored

data in the multi-flavor models after finding the a*/L* — 0 scheme at fixed lattice spacing and fixed t, with hints
from scaling arguments, but remained unpublished. High precision data show that scaling behavior at strong
coupling as well.

o Lattice 2019 surprise: first direct nf=2 calculation of ,Bmf=0 goes public for the first time 1910.06408
switching a®/L? — 0 fitting of the talk to a*/L* — 0 in the publication.

« We chose to immediately publish our previously unpublished multi-flavor results of the a*/L* — 0 fitting procedure
for ﬁmf=0 as shown in 1912.07653.

« Back to the future? How to apply the ﬂm,»:O and ﬁmf—>0 methods to the nf=10 model for testing if its chiral

symmetry is broken in the m — 0 limit? (Recent announcement claiming IRFP in the model). arXiv:2306.07236
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comments for future discussions:
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Sym-flow

________ Wil-flow e g2 ~ 11.5 reach of our earlier analysis is not shown

"""" C23-flow o if the IRFP is reached from the UVFP, this must be demonstrated

"""" C13-flow without switching operator scheme and flow scheme

— 1-loop PT nothing less should be acceptable in going from UV to IR

......... 2_|Oop PT

_____ 3-loop GE e only L=24 and L=28 for infinite volume extrapolation?

P _ why infinite volume method rather than running with the volume?
—— DWF Wil
LatHC e what supports the continuum f-function beyond the IRFP?

no second zero in S-function?

20 25 30
e tuning Wilson fermion with PCAC is not accuracy issue in the small lattice
there is a residual mass ~ 1/L which effects how the infinite volume limit is taken

e why switch from staggered to Wilson fermion?
earlier results with PV regulator were done with staggered fermions

e No control on the decoupling of the ghost sector at strong coupling
Is this still the original nf=10 model at strong coupling?
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Our result

e Our YM and multi-flavor analyses are motivated by the Harlander-Neumann 3-loop
GF based beta-function over infinite Euclidean volume in the continuum limit —
contact with PT in GF based renormalization needs new infinite volume g-function

—t—

Dalla Brida & Ramos 2019

—t—

o With all the BSM controversies, like ten flavors, can a new method help QCD?

FLAG 2021 e After careful precision calculations of the Alpha collaboration who needs another
‘ | QCD strong coupling?

FLAG 2019 e But even the simplest SU(3) Yang-Mills model shows significant tension after
t ‘ repeated FLAG reviews

— FLAG 2019 was without first high precision GF result of Dalla Brida and Ramos
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ — combined FLAG 2021 error analysis hides the tension

— results from new inf. vol. GF based fS-function increase the tension with earlier lattice work

GF 3 -function improved SSC scheme SU(3) YM test
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Foreword:

Our YM and multi-flavor analyses are motivated by the Harlander-Neumann 3-loop
GF based beta-function over infinite Euclidean volume in the continuum limit —
contact with PT in GF based renormalization needs new infinite volume g-function

With all the BSM controversies, like ten flavors, can a new method help QCD?

After careful precision calculations of the Alpha collaboration who needs another
QCD strong coupling?

But even the simplest SU(3) Yang-Mills model shows significant tension after
repeated FLAG reviews

— FLAG 2019 was without first high precision GF result of Dalla Brida and Ramos
— combined FLAG 2021 error analysis hides the tension
— results from new inf. vol. GF based fS-function increase the tension with earlier lattice work

This work 1
Wong 23 (prelim)

YM plot from Boulder-Siegen

e Shortly after our publication, almost identical results of Boulder-Siegen YM project

e Move toward an ambitious new goal: to create similar competing result in QCD
with three massless fermions?
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Yang-Mills project



tdg2/dt and inf. vol. based step beta-function at weak coupling
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t- dg?/dt

new analysis is being prepared for journal publication 1

YM tdg2/dt beta-function at strong coupling
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QCD with three massless flavors



nf=3 infinite volume based step beta-function at weak coupling

precision contact with Harlander’s 3-loop f-function in the continuum limit

needed for precise scale setting of Ay
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