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GF can be interpreted as continuous RG with y « 1/4/81 A Carosso AH.E. Nl
e in infinite volume PRL 121,201601 (2018)
e for /local operators
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1. Simulations at bare coupling g, - lattice spacing a
define IR scale via GF : yu, = 1/1/81, , where g2 (1)) = 0.3/ ~ 15.8...

2. Define matching factor ZZ"(a;1) for operator local bare operator 6(a)
traditionally Z,(a; 1) 0(a) = O(a)*™ ¢ ; now

GF, .. O(a) )_ ( 6(a) >tree—1eve1
Z@ (CZ, tO)( @(Cl;to) B @(a;to)

3. Connect IRto UV : Ilim [Z@GF(a; o) — 232" (a;ﬂuv)]

a—0)

4, Match to MS in the UV :  ¢M5<6F(y,,) (perturbative calculation)



3) Run the energy scale (fully nonperturbative):

26 Suov) _ o { [gw 1o/ 70ED) }
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4) Connect to MS : at tree level MSOE () = ( C;F vv )
gm(ﬂUV)

At the end
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3) Run the energy scale (fully nonperturbative):

ZgF(glzfv) — exp { J'gUV q ,}’@(g’z) }
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4) Connect to MS : at tree level MSOE () = ( (;F vv )
gm(ﬂUV)

At the end
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3) Run the energy scale (fully nonperturbative):
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4) Connect to MS : at tree level MSOE () = ( (;F vv )
gm(ﬂUV)

At the end
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The new scheme is
- honperturbative

- gauge invariant

- requires only the calculation of flowed correlators
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Lattice’21 (arXiv:2201:09740)

Pilot study:

> N; =2 Moebius domain wall fermions (stout smeared, Symanzik gauge)

> 24° x 64, 32° x 64 volumes
> am, = 0 in the weak coupling, am,=0.005, 0.010 in confined regime

> Wilson fermion flow

- Determine p(g?) and y,(g”) up to g* > 16



We use the continuous g function (CBF) method:

-GF renormalized coupling: g2 (1) = /1*(E(1))

*RG p function

dgcz;F
dt

P(&gr) = — 1

- Infinite volume limit : (a/L)* — 0 while /8 < L

> amy; = 0 chiral limit
» Continuum limit

am, — 0 (only in confining regime)
t/a* — oo while keeping g, (or 1) fixed

AH, O. Witzel, Phys.Rev.D 101 (2020) 3

Fodor et al, EPJWeb Conf. 175,
08027 (2018)

Details for Nf = (0in

AH, C.Peterson, O.Witzel,
J.VanSickle 2301.08274



Prior results : up to g2, ~ 6.0 shows minimal cutoff effects

I L/a > 16 continuum
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Colored points: raw data
Continuum limit: gray band



Prior results : up to g2, ~ 6.0 shows minimal cutoff effects AH, O. Witzel, Phys.Rev.D 101 (2020) 3

New results : extend existing data to the chirally broken regime, up to
8&r < 834tg) & 15.9
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.BGF/Q?;F

Calculate the A parameter from the g function:
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== fitted 4-loop GF-PT
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Need j. precisely at small gz,

smallest g ~ 1
— find an effective “4-loop” f function
(a single fit coefficient)

—<+/8t, = 0.675(20)
A7 = 305(10) MeV (statistical errors only)




A7 = 305(10) MeV (statistical errors only)
Consistent with FLAG 2021 values

This work
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dlogG4(t, X,4)

Correlator of local operator 6 : ¢ P =dp+ 750 +1,(1);
dlogG,(t, X
Vector correlator Pt CZ( ) _ dy + 1,(1)
: . 2 . '
_ TBRELININARY Comblne_ vo(a;t) and gGF(a,_t) to p_redlct :
the running anomalous dimension y,(g: )

" Continuum limit:
08 . - a*/t — 0 at fixed g2, (pink band)
y 3" Anomalous dimension closely tracks
y 3: the 1-loop line
N gt » heed more data at strong coupling to

0 5 10 15 20 cover 8c2;F < gCZ;F(t())
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colored points show raw data:
at fixed bare coupling, changing flow time 10



e CBF method allows calculation of RG g function even in the confining regime
ePreliminary prediction for N, =2

Mg = 305(10) (statistical error only)
e Calculation of meson y,(g?) is similar

Put it together:
o Integrate Jdgzﬂgz)/ﬂ(gz)

e Connect to MS : 1-loop is straightforward; 2-loop needs PT
e Calculate the IR matching factor (look up)

- N, =3 and/or 4 is straightforward

- calculation with Wilson fermions could be easier; would provide check and could

even be combined with the DWF result
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EXTRA SLIDES
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p function , N, =2

Continuum extrapolation
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Often (O (r)) = 0 ; consider a GF two-point function
G (x4, 1) = [d3xd3x’(@(x, x; )OX',0;1 = 0)),

Only one operator is flowed, so coarse graining is OK

If 0 is a scaling operator, an RG transformation with scale change b « /8t/a? predicts
G(8xy) = b™29G (8", x,/D), xy>b, (g” are RG flowed couplings)
The scaling dimension is A. Carosso, AH, E. Neil,

~ A, =d,+y,+n foralinear RG (fermions) PRL121,201601 (2016)
(n/2 is the anomalous dimension of the fermion)
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A. Carosso, AH, E. Nell,
PRL 121,201601 (2018)

The scaling dimension of G,(x,, 1) = [d3xd3x’(@(x, X )OXx',0;1=0)) IS Ay =ds+7ys+1

G ot
In the ratio %,(x,;1) = D poth Z, and d, cancel
Gy(xy; 1)
_ R(a,x,t =0
Use the double ratio % ,(a;x,,1) = o\ Xy ) to
R s(a; xy, 1)

define the GF scheme
Z@GF(CZ, l‘())@@(a,xél_, to) — @gee_level(a;xél_, tO) — | as X4/\/ 8t0 — OO

and

dloeZ%%(a: dloe R ~(a;x,,t
g@(ﬂ)zzt R o 4)’ ,u=1/\/§t

1) =
Yela,t) = pu di I

All we need to calculate % ,(a;x,, 1) are the flowed correlators
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Yo 1S the logarithmic derivative

dlogz(@}F(a;,u) B 2tdlog%@(a; Xy, t)
du B dt

fy — Gp(xy5 1)
Gy(xy5 1)

vola,t) = p

: 0.8
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