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TWISTED GRADIENT FLOW COUPLING OF SU(N) THEORIES 2

Renormalization procedure where the gauge field A (x) is replaced by a set of smooth, flow time

dependent, fields B, (x) driven by the so-called “Flow equations”:

8tBﬂ(x, ) = DDGW(x, 1) Bﬂ(x,t =(0) = Aﬂ(x)

[arXiv:1101.0963]

Renormalized couplings can be trivially introduced, as for example, with the energy density:

1
E() = Tr (G 0G,,(x.1))



TWISTED GRADIENT FLOW COUPLING OF SU(N) THEORIES 3

The twisted gradient flow (TGF) scheme is defined by introducing SU(N)YM theories on an
asymmetrical hyper-box of size [? X (NI)?. [arXiv:1903.08029 & arXiv:2001.03735]

Projecting within the sector of zero topological charge, the coupling definition adopted is:

1287°t* < E() o, >
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SU(3) ANALYSIS 4

Argr/ Hpi ﬂpr/ Href
ATGF ) __blz — 1 /ITGF(:uref) dx
Href  Arorlpp) =0 2boArGF(Hpr) ArGF(Hp) 2PrGr(x)

Finite size scaling allows to simulate large energy scales by linking the renormalization scale with
the physical size of the box; consequently, we use the so-called step scaling function:

—0.028
(Niontinuum. Global
b O
o(u) = Agr(u/2) 003 +~.qu§§ : % o [=24
Argr()=u T3 l o :
£ —0.034- *‘l%” } ' E t
T I
S —0.036 ;
: g
—0.038 I 5
—0.040 =
—0.042




SU(3) ANALYSIS

MS

Pref
coupling, by doing the matching with SF data,
and by matching with the 5-loop expansion of

MS scheme [arXiv:2107.03747]

We have determined by running the TGF
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SU(5) ANALYSIS (WORK IN PROGRESS) 6

Extracted with the same procedure as SU(3), using the step scaling function to relate the high
energy scale y1 of and the perturbative one Hpt
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FINITE VOLUME EFFECTS 7

We separate the computation per planes:

v TT: plane having non-trivial twist in both directions. I
v PT: four planes sharing one direction with the twisted planes.

NL i O
v PP: plane orthogonal to the twisted one. 1

Heof is fixed by doing the matching between the coupling in the total computation and the
coupling in each plane. The symmetry of the box is tested with the ratio:

ATG F(Plane)
ATgp(All)

R(ATGF) =



FINITE VOLUME EFFECTS: SU(3)

MATCHING BETWEEN PLANES AND TOTAL COMPUTATION
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FINITE VOLUME EFFECTS: SU(3) 9

A measure of the range of finite volume effects can be obtained by comparing TT and PP
calculations, and more over its differences with the standard set-up at large values of c.
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FINITE VOLUME EFFECTS: SU(5) (WORK IN PROGRESS)
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CONCLUSIONS 11

We have investigated the running coupling of SU(N) YM theories for several values of N using a finite size
scaling technique that combines . a coupling based on the gradient flow, twisted
boundary conditions and an asymmetrical geometry.

We have determine Ajjg in units of 1/8¢, and r;, for the case of SU(3), obtaining good agreement with the

literature. We want to stress that very precise determinations of Ajsc can be made within this scheme, that
can be used via a non-perturbative matching between QCD and the pure gauge theory using heavy
quarks, into a , a key quantity for phenomenology in high energy
physics. [arXiv:1912.06001]

This scheme is specially suitable for , as the
computation is cheaper than a brute force approach. We have presented some results for SU(5) and more

values of N will be coming soon.

We have explored the finite volume effects of these calculations. We computed A1gg per planes in both
SU(3) and SU(S), and the extracted ratios R(ATGE) are
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