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Ten-flavor SU(3) gauge theory and the renormalization group (RG) -

. [Hasenfratz, Rebbi, Witzel PRD 101, 114508 (2020)]
.:. Ten-ﬂovor SU (3) gOUge Theory [Kuti, Fodor, Holland, Wong[IEg\DS /E/;\glgi)%z%%]4(52032(]2)02(?o?}
> |nTereSﬂng for ComposiTe nggs mOde”ing [Cacciapaglia, Pica, Sannino Phys. Rep. 877 (2020)]
(e.g., LSD 4+6 system)
> There is ongoing debate over the existence
of an infrared fixed point (IRFP)
%  Of particular interest are mesonic and baryonic

running operator anomalous dimensions
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[Hasenfratz, Rebbi, Witzel PRD 101, 114508 (2020)]
[Kuti, Fodor, Holland, Wong PoS LATTICE2021 (2021) 3946]

% Ten-flavor SU(3) gauge theory [LSD PRD 103, 014504 (2020)]
> In.l.eresﬂng for ComposiTe nggs mOde”Ing [Cacciapaglia, Pica, Sannino Phys. Rep. 877 (2020)]
(e.g., LSD 4+6 system) 9 s
> There is ongoing debate over the existence o (:“3 g ) To

of an infrared fixed point (IRFP)
%  Of particular interest are mesonic and baryonic
running operator anomalous dimensions
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Gradient flow (GF) and operator anomalous dimensions

[Carosso, Hasenfratz, Neil PRL
121, 201601 (2018)]

% Gradient flow describes an RG transformation
when combined with a rescaling step in the
calculation of expectation values

> Must take infinite volume limit
> We can avoid rescaling step for certain
quantities using MCRG principles
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[Carosso, Hasenfratz, Neil PRL
121, 201601 (2018)]

%  Gradient flow describes an RG fransformation Energy scale
when combined with a rescaling step in the 5
calculation of expectation values -~ 1/8t
>  Must take infinite volume limit
> We can avoid rescaling step for certain GF flow time

quantities using MCRG principles
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[Carosso, Hasenfratz, Neil PRL
121, 201601 (2018)]

< Gradient flow describes an RG transformation Energy scale
when combined with a rescaling step in the 5
calculation of expectation values -~ 1/8t
>  Must take infinite volume limit
> We can avoid rescaling step for certain GF flow time

quantities using MCRG principles
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Gradient flow (GF) and operator anomalous dimensions

[Carosso, Hasenfratz, Neil PRL
121, 201601 (2018)]

%  Gradient flow describes an RG fransformation Energy scale
when combined with a rescaling step in the
calculation of expectation values Composed of ,u2 ~ 1/8t
> Must take infinite volume limit flowed fields
> We can avoid rescaling step for certain Xt (jj) GF flow time

quantities using MCRG principles Lattice units
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Gradient flow (GF) and operator anomalous dimensions -

[Carosso, Hasenfratz, Neil PRL
121, 201601 (2018)]

%  Gradient flow describes an RG transformation Energy scale
when combined with a rescaling step in the
calculation of expectation values Composed of ,u2 ~ 1/8t
>  Must take infinite volume limit flowed fields
> We can avoid rescaling step for certain Xt (@) GF flow time

quantities using MCRG principles Lattice units

Partially flowed - 2 N A
worpoint function FO (t, T45 95) = ) <Ot (%, 24)O(x, O)>g§
X

GC’) (ta ~7A34§ g(%) ~ (t/t/)—70/2+noﬁ
Go(t',Z4;95)

Comes

ol %
8t/a”,8t"/a* > 1 from Z,

and

T4 > V8t/a?, V8t /a®
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Gradient flow (GF) and operator anomalous dimensions

[Carosso, Hasenfratz., Neil PRL 121, 201601 (2018)]
GF Con be Used 'I'O define O Scheme for 'I'he [HOSanTOTZ, MOI’]CIhOI’], RiZik, Schindler, Witzel PoS

- ) LATTICE2021 (2021) 155 ]
renormalization of local operators
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Gradient flow (GF) and operator anomalous dimensions

[Carosso, Hasenfratz., Neil PRL 121, 201601 (2018)]
GF Con be Used 'I'O define O Scheme for 'I'he [HOSanI’OTZ, MOI’]OhOI’], RiZik, Schindler, Witzel PoS
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renormalization of local operators

Matches onto
tree-level MS coupling
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Gradient flow (GF) and operator anomalous dimensions
[Carosso, Hasenfratz., Neil PRL 121, 201601 (2018)]
GF can be Used -I-O deﬁne a SCheme for -I-he [Hasenfratz, Monahan, Rizik, Schindler, Witzel PoS

- . LATTICE2021 (2021) 155]
renormalization of local operators

Matches onto
tree-level MS coupling

\
gér (t:90) = N(PE()) 2

0
A . 2
R (L. 54 2\ __ GO(taxélng)
O<7aj47gO):G t ~ 2 nO/nv
4 - J V( 7564790)
Independent of
x4 for Cancels off np1)

24> V8t/a
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Gradient flow (GF) and operator anomalous dimensions

[Carosso, Hasenfratz., Neil PRL 121, 201601 (2018)]
GF Con be Used 'I'O define O Scheme for 'I'he [HOSGF‘IfI’OTZ, Monohcm, RiZik, Schindler, Witzel PoS

LATTICE2021 (2021) 155]
renormalization of local operators
Matches onto O 2 9
tree-level MS coupling 5GF (ta g()) — U977 9GF (ta go)

\ dt
g (t90) = N(E()) 2

0
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Gy (t,&q; gd)ro/mv
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[Carosso, Hasenfratz., Neil PRL 121, 201601 (2018)]
GF Con be Used 'I'O define O Scheme for 'I'he [HOSGF‘IfI’OTZ, Monohon, RiZik, Schindler, Witzel PoS
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renormalization of local operators

Tree—ll\gf/ﬂeclk%iguopling 5GF (t; 93) Sl ag?}F (t; g(%)
d
ger (t:95) = N<t2E(t)>gg Yo (t, 24 95) = —2t— logRo (t, %45 95)
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[Carosso, Hasenfratz., Neil PRL 121, 201601 (2018)]
GF Con be Used 'I'O define O Scheme for 'I'he [HOSGF‘IfI’OTZ, Monohon, RiZik, Schindler, Witzel PoS

- . LATTICE2021 (2021) 155]
renormalization of local operators

Matches onto N S 2 7
tree-level MS coupling 5GF (t7 g()) =l agGF (ta go)

ger (t:95) = N<t2E(t)>92 Yo (t, 24 95) = —275% log Ro (t, 245 9p)

0 d
Golt, 24; 2) We can frade t dependence for
A 2\ __ o\l, T4, 4y 2 )
Ro(t, 45 95) = = g&r (t; 95) dependence
\ v J GV (ta L4 gO)
Independent of [o. wiioel o 500 PM]
[2‘4 for Cancels off no'f] [f\¢§ﬂgﬁfﬁ:gvnv?$e4§.33:§3?]
&4 > V8t/a R, Horlemder: T, 12:30 P

[A. Hasenfratz: Fri. 8:50 AM]
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Simulation details

[Boyle, Yamaguchi, Cossu, Portelli LATTICE2015
(2015) 023]

[Pochinsky PoS LATTICE2008 (2008) 040]
[Fodor, Holland, Kuti, Mondal, Nogradi, JHEP

Ten-flavor simulations are performed using Symanzik 09 (2014) 018]
gauge action with stout smeared Mobius domain wall
fermions (DWF) using GRID

K/
L X4

> Bare gauge couplings 8 = 6/g2 = 5.00,6.00, 4.20, 4.60 2 2
4.10,4.05 9oF (t; L, go)
> Volumes 243 x 64 and 32° x 64 N
_ 2
% Gradient flow performed with Wilson flow using QLUA — V75, <t E(t)>L g2
> We define the gradient flow coupling in finite C(tv L) e

volume using tree-level normalization

m Corrects for gauge zero modes and Tree-level
tree-level cutoff effects normalization
factor
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Anomalous dimension Z4-independence
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Anomalous dimension Z4-independence

Insufficient separation

between operators t/a2
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Anomalous dimension Z4-independence
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Anomalous dimension (no extrapolations)

[Artz, Harlander, Lange, Neumann,
Prausa JHEP 06 (2019) 121]

0.5 Ni =10 =l
1.5<t/a*<5.0
0 £4 =123 B =4.10
% Finite volume effects appear to be % '
small % e g g B =420
.q'\- .
% Each bare gauge coupling ‘f} B — 4.60
appears to approach the 1- and \S/ 0.21 “Z v .  Lja=24
2-loop GF curves from perturbation = P i s Lja=32
theory — 1-loop univ. B=5.00
Lol —-— 2-loop GF
------- 3-loop GF B =6.00
0-0 I ! T T T
0 2 4 6 8 10
2 . 2
gGF(t,L,gO)
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Infinite volume limit (GF coupling)
2
e 5.0
N=10
6.6 B =4.20,nWC 45
Leading-order finite volume
651 : | | 40 effects predicted from scaling
2 I E——— | - of Yang-Mills energy density
6.4 - m— ]
5631 I il 2 2 204, 2 2 /74
> o 9ar(tL,go) =~ g%t 95) + k(t%/L7)
6.2 e ——— | @
2.0
6.1 F— e
00 05 10 15 20 25 30 '~
—6
(a/L)4 x 10
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Infinite volume limit (anomalous dimension)
2
ie 5.0
Leading finite volume effects 0.32 ‘Nf= }O
predicted by scaling of B =4.20, %4 =23 4.5
two-point function 0.30 - 0
e eyl . |
A 2 - . I = .
YO (t7 L4, L7 g()) h.qn 0.28 -_‘_._,»l;—)///iﬂ/l:"//‘, . . 3.5
~ s 2 Noo/2 = S | K}
do =~ 3 (meson) e e e e e e
2.0
~ 9/2 (oaryon) J—ﬁ
0.224 : — | , | s
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Infinite volume limit (final result)

R/
L X4

9/12

Bare gauge couplings do not overlap
>  Must interpolate between bare

gauge coupling

0.5 =S |
1.5<t/a><5.0 B -
£4 =23 o
0.4 1 i o <
—~~ /./
NP? ./‘/
(§ 0.3 E /‘//Z / '
Yy e
~— YL
>§ 0.2 .-"/'/ »
7/
/ — I-loop univ.
0.1 —-— 2-loop GF
------- 3-loop GF
0.0 I ! T T T
0 2 4 6 8 10
2 02
8Gr(:80)
@& ERFP ]
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B =4.05
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B =4.20
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Continuum limit (extrapolation)

Interpolation between bare gauge
couplings aft fixed gradient flow time

0.401 Ny=10 X
X4 =123 45
035' | [ 1 ¢ L gl |
— 4.0
= 0.30-
< & 35
Y 0.251 ‘, s ,
\‘:§0.20« L A | 3.0
=o01s{ 9/ | | 25
0.10 / I U | e
&
0.05 L —+—— I I R s
2 3 4 5 6 7 8 9
2 (02
86r(7:80)
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A . 2
Continuum Ilimit (extrapolation) Yo (t, %4; 95)
Interpolation between bare gauge ~ vo(t, $4) + c(a2/t)
couplings aft fixed gradient flow time 5
\ /o 9GF
5.0 : — ‘ - ==
0.40{ Ny= 10 ] Vs |
X4 =123 45 |
0.351 , ;
£ 4.0
520301 — s =
'09 0.25 1 4}/ 3.5 ° ’
\‘3;/0.20 : 7 48 3.0 .
=015 %& 25 4
0.101 ,_// ' i , 2.0 e 3
T e
005 =< ¢ 7 § o 9 0.0 0.2 0.4 0.6 0.8 1.0

2 (402
5 : :
gGF( go) Continuum extrapolation at

fixed gradient flow coupling
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Contfinuum limit (final result)

0.5

11/12

N; =110
1
7
3 f
7
| ¢/
2
— I-loop univ.
—— 2-loop GF
------ 3-loop GF
2 6 8 10
2
8Gr(t)

X4 =24

X4 =23

X4 =22

X4 =21

L.(\p-,Qe

22

[Artz, Harlander, Lange, Neumann,
Prausa JHEP 06 (2019) 121]

Continuum mass anomalous
dimension appears to closely
follow 2-loop GF

00O
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Conclusions and future work

% We have also calculated proton and BN pleudoscals}
tensor anomalous dimensions 0.4 1
[ tensor

proton

0.3
i
a0
o5 0.2
o
= 0.1 ——
Q ——— 1-loop univ.
e 0.0+ =+ = 2-loop GF
—0.11
0 2 4 6 8 10
2
8Gr(1)
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Conclusions and future work

Y/
L X4

R/
°
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We have also calculated proton and
tensor anomalous dimensions

Gradient flow anomalous dimension

closely follow perturbative curves over

our current range of couplings

> No evidence for non-perturbative
enhancement over our current
range of couplings

Yo (t,f4; g%}F)

0.4 -

0.3 1

0.21

0.1 -

0.0 1

—0.11

[ pseudoscalar
tensor

proton

——— 1-loop univ.
=+ = 2-loop GF

2 4 6 8 10
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Conclusions and future work

% We have also calculated proton and

. . 4 1 pseudoscalar
tensor anomalous dimensions 0.4 E

tensor

proton

% Gradient flow anomalous dimension 0.3 1
closely follow perturbative curves over o

our current range of couplings _ W o2l
> No evidence for non-perturbative (‘;’r

enhancement over our current < 014

. :
range of couplings Y 1 loop univ.
PN
o =+ = 2-loop GF
<  Plan to gather more statistics on all bare 0.0

gauge couplings on L/a = 32

—0.1 - ~
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Conclusions and future work

% We have also calculated proton and B [ieudoscala) /./"
tensor anomalous dimensions 0.4 Z
.| tensor
%  Gradient flow anomalous dimension 0.3 1 proton
closely follow perturbative curves over g
our current range of couplings ' W o2l
> No evidence for non-perturbative <;§;
enhancement over our current < 0.
. .
range of couplings :%‘ 1 loop univ.
o =+ = 2-loop GF
<  Plan to gather more statistics on all bare 0.0
gauge couplings on L/a = 32
—0.1 1
%  We are currently running one more bare , | | ] ,
gauge coupling at 8 = 4.03 for L/a = 32 0 2 4 6 8 10
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Continuum extrapolation of tensor and proton
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Tensor and proton anomalous dimension

Starting to converge on

1-loop
0.00 /
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