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Multiple scales of QCD and Lattice simulations
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Multiple scales of QCD and Lattice simulations
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Multiple scales of QCD and Lattice simulations
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Multiple scales of QCD and Lattice simulations
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a unique (bare) Lagrangian Lqcp with input (at all scales)
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go, Mu, Md, Ms, Mc,
bound states are non-perturbative

m,o,

(physical spectrum)
myo, Mpo, Mpo,

Fixed window for physics from the lattice

Ar <K Mhad, M0, Mgo, Mpo,

[can't take pu = 1/4q]

oK Auy
Non-perturbative renormalization: = §2(/1,1W1), Mu,d,s,... (thad) With [ihad <€ Mz
Issue: series truncation & asymptotic nature of pQCD !
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QCD parameters and the renormalization group
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QCD parameters and the renormalization group ift
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QCD parameters and the renormalization group

g(n)
_ ~ —b1/(263) —1/(2b0g” (1)) ’ N !
A = ulbog? o e 097 ) exp ¢ — dg + -
plbog® (w)] ; 3lg) " bog®
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M = () [200g% ()]~ exp {— / dg [;8 - bd‘;} }
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RG equations as(Q)
& 0.3}
ng(Q) =5(9) i
QO _ - 02}
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are valid beyond PT

formal solution: RGIs A, M

GOAL: fully non-perturbative determination

P. Fritzsch

b
b3g

01}

T
v Tdecays (N3LO)

& Lattice QCD (NNLO)

a DIS jets (NLO)

0 Heavy Quarkonia (NLO)

® Z pole fit (N3LO)
v pp—> jets (NLO)

— QCD, as(Myz) = 0.1185(6)
L Lol L Lol

o e'e jets & shapes (res. NNLO)

Conf12, Thessaloniki

10 100
QIGeV]

of Ml

Ll
1000

[erozades ‘oad] -

ift

< [ > Mhad



NON-PERTURBATIVE [-function(s) ift
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NON-PERTURBATIVE [-function(s) ift
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NOTE: e 2 non-perturbative couplings < 2 renormalization schemes
o GF and SF schemes matched non-perturbatively at ~ 4 GeV
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General strategy

Capitani et.al.[5] 'f{
mi (Hhad) = lim

Za(g8)  ma

compute current quark mass at some hadronic scale pihaa, renormalize & take CL
2

a—0 | Zp (93, atnad) fhaa

connect to RGI mass

phys

had

using some scale-setting observable fun.q € {fx,
M

M; = —

M (Hhad)

)

X M (fhad )

RG running factor to ;1 = oo (continuum, flavour-independent)
hadronic computation

convert to any scheme you want, say MS
Tools:

massless finite-volume renormal. scheme
non-perturbative couplings:

(continuum) recursive finite size scaling:
P. Fritzsch

1 =1/L (Schrédinger functional, SF)
SF [3] and gradient flow (GF) [4]
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Computing M /m(finaa)

Impose a for the non-singlet pseudoscalar current in L and 2L:
Z 2L =

_ Zp(g0,2L/a) 7 Zp o 21 u=1/L ﬁxe.d

Zp(go,L/a) L/a varies

g(n/2)
:exp[— dg @} = lim ¥p(u,a/L)
3%(n)=u
g

5() B(g)

a—0

For the two schemes determine

— M

m Msw1 m(Mpert)
ET ) x op(uq), — X op(uj)

H/sw1

Combine everything

_ _ had
M M (pswi) m(ppert) M Fha
— - — X — X — Hswi
M(pthad) — M(pnaa) — M(pswi)  M(ppert) p
pert
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Step-scaling function |
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Step-scaling function Il
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>
Non-perturbative mass anomalous dimension(s \ﬁylﬂz
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Summary & Outlook ift

We have computed the Ny = 3 running quark mass for 200 MeV < o < 60 GeV
with overall non-perturbative uncertainty < 1%.

1% time: running in 2 schemes, matched non-perturbatively (at u =~ 4 GeV)

1 time: “effective” mass anomalous dimension extracted non-perturbatively,

thanks to high accuracy of SF- and GF-based schemes in the high and low
energy regime, respectively

Missing: final analysis (more data at 2 strongest couplings + global fits)

Missing: connection to spectrum (m,, mk) to determine quark masses Mmua, Mms
Future:

renormalization group running of the
non-singlet tensor current in Ny = 3
QCD along the same lines [6]

M
— = 0.9088(78)
. ) m(u) =213 MeV
we can assign a trustworthy uncertainty

to the RG running from first principles
calculations
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Summary & Outlook ift

We have computed the Ny = 3 running quark mass for 200 MeV < o < 60 GeV
with overall non-perturbative uncertainty < 1%.

1% time: running in 2 schemes, matched non-perturbatively (at u =~ 4 GeV)

1 time: “effective” mass anomalous dimension extracted non-perturbatively,
thanks to high accuracy of SF- and GF-based schemes in the high and low
energy regime, respectively

Missing: final analysis (more data at 2 strongest couplings + global fits)
Missing: connection to spectrum (m,, mk) to determine quark masses Mmua, Mms
Future:

renormalization group running of the
non-singlet tensor current in Ny = 3
QCD along the same lines [6]

THANK YOU FOR

we can assign a trustworthy uncertainty YOUR ATTENTION!

to the RG running from first principles
calculations
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Renormalization Group Invariant (RGI) parameters

RG equations for running coupling and quark mass (mass-independent scheme)

o _ _ g—0 _ _ _
a5-9@)=p@) > —5%(bo + b13% + bag* +...)
10 Giy=rG) 2" —gPdo+did+..)
m Oq :

bo, b1, do are universal and b;~1,d;>0 scheme-dependent coeff.s

integrated over renormalization scale ¢ € [u, 0]

_ 2 5 g(u) 1 1 b
A= b2 ()] 70 20 o= 1/2bog2 () o ,/ d n _ b
11[bog” ()] PUL Y50 T e g

do/(2bo g(m) - .
M. = () [2bog (1)) " exp {/ @ HZ; B big] }

encode information about fundamental parameters of QCD
defined without relying on perturbation theory
RGI masses M; independent of renormalization scheme, (A trivial dep.)
allow for easy conversion (at high u) between renorm. mass/coupling in diff.

schemes
P. Fritzsch
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Finite renormalizations between massless schemes

Assuming a diagonal quark mass matrix in two massless schemes, one can write
’
Ho=cl, ¢>0,

Sint,Weisz [7]
gr = gry/ Xa(gr),

m,R,s = mR,SXI'ﬂ(gR)’

s=1,...,N¢
Invariance of a physical observable P under this change of variables implies

Pl (:U’,(MLg%(gR) {m%.ﬁs(gl’h mR,S)}) = P(M79R7 {mR,s})7

where P’ satisfies the Callan-Symanzik equation in the primed scheme w.r.t.

B (gh) = {ng)a"R}
QRZQR(Q%{)

69R

7' (gr) = {T(QR) + ’B(QR)O%R In Xm(QR)}

9R=9R(9ﬁ)
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