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QCD gradient ﬂOW [Narayanan, Neuberger JHEP 0603(2006)064] [Liischer CMP 293(2010)899][JHEP 1008(2010)071]

% (7) = Dy(7)Gyu(7) with B.(m =0) = A,

» Ordinary differential equation (ODE)
» Covariant derivative defined in terms of the flow field B, (7) and the Yang-Mills action Syn(B)

Lattice gradient (gauge) flow

0 ,
EVT(XMU) — _gO2 {8X,MSYM} VT(XMU”) Wlth VT(Xa ,LL) =0 - U(X7#)

Oliver Witzel (University of Siegen) 2/24



https://doi.org/10.1088/1126-6708/2006/03/064
https://doi.org/10.1007/s00220-009-0953-7
https://doi.org/10.1007/JHEP08(2010)071

Gradient flow

fermion flov ixing and lifetimes summary
oe o« )0 1}

Lattice gradient flow

» Gauge field configurations are generated using a Markov Chain Monte Carlo (MCMC) simulations
» Configurations are evolved along a Monte Carlo time

» Matrix elements are commonly evaluated on sufficiently independent configurations

» Similarly we apply gradient flow to a set of independent configurations
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» Gauge field configurations are
saved as binary checkpoints

» Gradient flow is cheap
— Calculated “on the fly”

» ODE are numerically calculated using
standard Runge-Kutta methods
— Numerically stable only in
forward direction
— Backward flow requires tricks

» Evaluate matrix elements at the
same GF time
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Lattice gradient flow

/a?=0.00
/ » Gradient flow acts as a
° “smearing” procedure
E w&&  Infinitesimal
= GF stout-smearing
= ]
2| 7
L » Gradually removing
OL“ UV fluctuations
» Ne =4
. 24% B, =4.30
w7 Wilson flow e = 0.01
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Gradient flow scale setting

» Define gradient flow renormalized coupling using the energy density E

8er(1) = NT*(E(7))/C(7.L)

— 72(E(7)) is dimensionless = 7 has mass dimension -2

— Normalization to match tree-level MS: A/ = 12872 /(3N2 — 3) R |
— Estimate E(7) using plaquette, Symanzik, clover, ...operator
— C(1, L) tree-level improvement coefficient, [Fodor et al. JHEP09(2014)018]
correct for zero modes of periodic boundaries [Fodor et al. JHEP11(2012)007] [ n n
| ] |

» Determine gradient flow scale ty [Liischer JHEP 1008(2010)071]

{T*(E(7))},_,, =03

» Alternative gradient flow scale wy [Borsanyi et al. JHEP09 (2012)010] n

{Tdi/T [T2<E(r)>}} =03 Y /

T=wp

L)
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Gradient flow scales

[Schneider, Hasenfratz, OW PoS Lattice2022 288]
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» \/to/a and wy/a are lattice scale and have a continuum limit
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Zeuthen flow

0.90 *

S ¢

*

I Clover ¢ wotn &

075 = Wilson o withn 2
: I Symanzik

0.0 0.1 0.2 0.3 0.4
(a/wg)?

0.5

— Use other scales/hadronic quantities to get continuum limit /%y or wy in physical units
[FLAG 2024] (241)

Oliver Witzel (University of Siegen)

Vto = 0.14474(57) fm [RQCD][RBC/UKQCD][BMWc][CLS]

wp = 0.17355(92) fm [RBC/UKQCD][BMW][HotQCD]
— “Shortcut” to turn \/ty/a or wy into determinations of a [fm]
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Real-space Renormalization Group (RG) flow

» RG flow: change of (bare) parameters and coarse graining (blocking)

» Gradient flow is a continuous transformation
— Define real-space RG blocked quantities by incorporating coarse graining
as part of calculating expectation values [Carosso, Hasenfratz, Neil PRL 121 (2018) 201601]

» Relate GF time 7/a? to RG scale change b o \/7/a?
— Quantities at flow time 7/a® describe physical quantities at energy scale 1 o< 1/4/7
— Local operator with non-vanishing expectation value can be used to define running coupling
~ Simplest choice: 72(E (7)) [Lischer JHEP 1008 (2010) 071]

» Continuous RG S function Be2e) = ,dg2p _ dgir
GF) =/ d/ dr

Oliver Witzel (University of Siegen) 6/24
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Example: QCD

[Hasenfratz, OW PRD101(2020)034514]

0 ; ; ;
» QCD: SU(3) gauge theory Ny
. . . LR $3,=7.00
with two light flavors in the 05t .
fundamental representation
At 1 3,=6.00
%
“ T . o
» Fast “running” coupling 2 45+ “ 1
w X
. % x 8, =5.20
~ Confinement = TEX °
2+ 4
N La > 16 continuum \
. . 1-loop N E}% 3,=4.90
» Plot: Comparison of nonperturbative 5| — — 2loop s g 1
) A 3-loop MS RN %E
and perturbative determinations x 3loop GF RN
A 3 | I I | | o B,=4.70
— 3-loop order in the GF scheme 0 1 2 3 4 5 6 7 °

[Harlander, Neumann JHEP06(2016)161]
— Details presented by Robert
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http://dx.doi.org/ 10.1007/JHEP06(2016)161

Gradient flow gauge flow fermion flow mixing and lifetimes summary
[e]e] [e]e]e] ) 0000000000 000000

Example: QCD

[Hasenfratz, Monahan, Rizik, Shindler, OW in preparation]

» Extended data to stronger coupling = Tss o Moop
. X 5 - 2-loop MS
- Confining region, gé& ~16 SO~ 3loop GF
-4 — =2
] —— N¢=2 old
» At strong coupling RG f3 function ™
.
is highly linear @ s
— Nonperturbative phenomenon o
. .
-12 \ .
» Integrate S function to obtain Agg preliminary N
. . -14 N
— g2 GF renormalized coupling b
0.0 25 5.0 75 10.0 125 15.0 175 20.0
at energy scale u = 1/1/8t 92

_ b 1 & 1 1 b
A _ b 2 262 - —/ d, 2 - -
oF = i(bogmy) * exp ( 2bog,%> &P [ o 5@ bt R

= N2EI™ — 326(13) MeV (stat. error only) compare to ALPHA: f: 310(20) MeV

Oliver Witzel (University of Siegen) [FVitZSCh et al. NP5865(2012)397] 7/24
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Fermion Flow

0

Hx(1.x) =D)x(r %), x(r = 0.x) = q(x)

» g(x) standard quark propagator
» Derivative given by Laplace operator acting on flowed fermion field x(7, x)

Oliver Witzel (University of Siegen) 8/24
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RenOl’mallzed quark MASSES [M. Black, R. Harlander, A. Hasenfratz A. Rago, OW, arXiv:2506.16327]

» GF renormalized partially conserved axial current (PCAC) relation (Ward-ldentity)

(mE) + m@() = MPRE)  with ﬁZ(t:ﬂ—f'L";J(‘;((rt;;:))g((::_ é):;: = (?))f:

— Wave-function renormalization Z, cancels in ratio

— Mps pseudo-scalar meson with flavors r and s

- mgF)(T) GF renormalized quark mass for flavor r

— Smearing radius must remain small compared to Euclidean time: V8r <« t

» Match to the MS scheme
mys(pov) = lim Cap (v, T)mee(7)
- C;;(/,LU\/,T) perturbatively calculated SFTX coefficient — Details presented by Robert

Oliver Witzel (University of Siegen) 9/24
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Extract ratios R(7/a%)

(Ao(t; 7)Ao(t =0;7 = 0))rs (Ao(t; T)P(t = 0;7 = 0)) s

SAP :
» R27(t;7) = lim
s (£7) t—oo \| (P(t;7)Ao(t =0;7=0))s (P(t;7)P(t=0;7=0))s
o8f ‘ me ; ; ¥
;¥**,,***,
. s
» Example F1S: o7l g*jjf..”wnnwwwo»»wmwom“;-
a~! =2.785 GeV, M, = 267 MeV ghom="
-
G 06f !' ]
I . & i 2_ -

» Statistical errors smaller than symbol size < ' R(r/a?=3.50)=0.79937(32)
& o5 = *  R(/a®=3.00)=0.78331(33) |
< i T R@/a?=2.50)=0.76467(33)

> Correlated fits for t S (36, 46) 04l .v % R(r/a?=2.00)=0.74251(33) |

’ ¢ R(1a%=150)=0.71536(33)
) ¢  R(/a=1.00)=0.68053(32)
» Extract ratios for other 03Ff Rirla?=0.50)<0.63174(32) |
gauge field ensembles o 0 20 0 20

time slice t/a

Oliver Witzel (University of Siegen) 10 /24
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Obtain R as a function of flow time 7

» Results for flow time in lattice units

R_ (ra)

— No sea light quark mass dependence

900
850
800
? 750
700
650
600 1z
550

» Convert to “physical” flow time in GeV 2
— Mild continuum limit

R..(0- My [MeV]

sC

Oliver Witzel (University of Siegen) 11/24



Gradient flow

gauge flow fermion flow
0000 0O000e00000
706 —— . ! 752
7=0.181 GeV?
704 1 R (1) M, /2 =699.3(3.2)MeV 750
2 02 Idof =0.22, p=92% 2 s
« N
o’ 700 1 o’ 746
s s
£ 698 B T 744
n:ﬁ [ et n:ﬁ
696 ¢ c2 4 742
P M3
694 : . 740
0 0.005 0.01 0.015

a?[fm?]
» GF renormalizes our ratios
— Take a — 0 continuum limit for 7 > 0

» No sea light quark mass dependence

» All actions O(a) improved

— Linear ansatz in a2

Oliver Witzel (University of Siegen)
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=0.297 GeV'?
[ Ree0): Mg 12 =747.53.4)Mev

L v2/dof =0.26, p=91%

A m
P M3

[
(3

0.01

0.015

0.6
r[GeV 2]

0.2 0.4

0.8
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Multiply by SFTX coefficient and extrapolate 7 — 0

» Multiply ¢,p to match to MS scheme

and take 7 — 0 limit 700 : i ;
» (4p calculated at NLO and NNLO # no \ i
— 4 NNLO [ i

[Borgulat et al. JHEP 05 (2024) 179] > 650 L ; : :

s |

= | -

» Choose two fit ansatze § 600 } | :

. ‘ ‘ |
*}Lln_log: ﬁ(T) :T(CI IOg(TM2)+C1)+CO ?I\IIE } l}lllll-.ijﬂljﬂl]
— Quadratic: h(7) =720 +7c + ?m 550 pmdmmr TR ]

+ i Sy | i
o ‘t“
00 | Aaa,l
» Vary range of 7 E> | w‘“‘numm
Tmin € (0.08,0.2) GeV ™2 with 7.y = 0.3 GeV ™2 . | Nty =0 GeV. 0 2025515
Tmax € (0.25,0.35) GeV ™2 with Tiin = 0.14 GeV 2 0 01 02 03

r[GeV 2
» Uncorrelated fit to central values shifted by +1o

Oliver Witzel (University of Siegen) 13 /24
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Gradient flow gauge flow
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Improve by using RG running in GF scheme

» Resum logarithmic terms using RG equation

mys(pov) = J@O(CAWLP(MUV, 7)) mee(7)

(™ (v, 7))t =

Cap(puv, Tu) X exp / dT/'Ym ( )

— 7&F gradient flowed anomalous dimension
- 2
STy =e WE/(ZuUV)

» This work: 7" calculated perturbatively
[Borgulat et al. JHEP 05 (2024) 179]

» Known how to calculate 7&F on the lattice
[Hasenfratz et al. PoS Lattice2021 155]

[Hasenfratz et al. PRD 107(2023)11504][PRD 108(2023) L071503]
Oliver Witzel (University of Siegen)

G
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| : : ‘
} .......... NLO j1,=2 NNLO s, =2 |
| NLO j1,,=6 NNLO 11, =6
} .......... NLO ji,,=10 NNLO =10

NLO 11, =2
NLO j1,,,=6

NLO j1,,

=10

NNLO “U\/_Z
NNLO ;=6

NNLO 4,

=10

r[GeV 4
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https://doi.org/10.1007/JHEP05(2024)179
https://doi.org/10.22323/1.396.0155
https://doi.org/10.1103/PhysRevD.107.114504
https://doi.org/10.1103/PhysRevD.108.L071503

Gradient flow gauge flow fermion flow

Final result
» Multiply ¢;p and take 7 — 0 limit to get MS mass
— Calculate (;,i at NLO and NNLO

— Improve using RG running with PT ~S&F
» Choose two fit ansatze
— Lin-log: fi(7) = 7(¢/log(T14?) + 1) + o
— Quadratic: f(7) =72 +Tc + G
» Vary range of 7
Tmin € (0.08,0.2) GeV ™2 with 7rmay = 0.3 GeV ™2
Tmax € (0.25,0.35) GeV ™2 with 7min = 0.14 GeV 2
» Uncorrelated fit to central values +1o0
» Vary pyy € (2,3,4,5,6) GeV
— Run back to p = 3 GeV using 4-loop MS running
» Calculate correlated average using lin-log and quad
for NLO imp, NNLO imp at pyy = (3,4,5) GeV

Oliver Witzel (University of Siegen)
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(mc +m)/2(p
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700
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600
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mixing and lifetimes
000000
. |
' I i
5 NLO |
¢ NLOimp |
A NNLO }
@ NNLOimp |
| | i
I I i
‘ ‘ q‘ jngagagsl
| | EEEE
| -....ﬂlll ‘
ml" | i
!tt!i‘ﬁ“ ““
S g@ggntuu
4 mmﬁif}é xtt‘\“‘
| sels “ttna P
| ! "iln...
I
| Nf=4, /AUV=4.0 GeV, 05—0.22959
| . .
0.1 0.2 0.3
7[GeV 2
¢ NLOimp quad
4 NLOimp lin-log
@ NNLO imp quad
@ NNLO imp lin-log
= ¥ —a Zoiry $ g 2
g e o ] R o=
2 3 4 5 6

gy [GeV]

summary
o]
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Analyzing 1. and ns correlators

1150

3 GeV) [MeV]

mc(u=
=
1S}
o
IS3

©
al
o

> mle (1 = 3GeV)=999(14) MeV

» mc(p = 3GeV)=974(8) MeV

me

fermion flow

1100

1050

NLO imp quad
NLO imp lin-log
NNLO imp quad
NNLO imp lin-log

?ié
I

101101 181 1> |

-

@

il

O+
—@eH

2 3 4
gy [GeV]

, — =12.1(4)

ms
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» ml= (= 2GeV)=89(3) MeV

g

95
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90
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181101 11 11 |

=4
¥4

constant a — O extrapolation
.

NLO imp quad
NLO imp lin-log
NNLO imp quad
NNLO imp lin-log

5 -
O e
Y

ot

(eled

HapH

(e o3

HBeH

T T
linear a — 0 extrapolation

e+

Py
‘ ¢

5. &
3

[

@

O

@

2

2

3 4
gy [GeV]

> (u =3GeV) = 527(4) MeV
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Strange and charm quark Masses (v Biack k. Harander, A Hasenfratz A Rago, OW, arxiv2506 16327]

105 (— ‘ — ; ; 11 — ——
3 100 | 3 1ost N=2+1 N=2+141 |
2 6
= 3 2 106 E 1
s BT i 2 5 1 1 3 104t % 1
o o
§ 90 % ¢ } 109 102t 3 E i : ]
= 1l
=, 85 N =2+1 N =2+1+1 g = 1r % % 1
Ew f f Eu 0.98*§ A A PV 1
. N N AN AN NN NN SN NN N S
oogbt v bbb
F PR PR N o N © n O ™
F LIS TS TS S R R PSR
& o @ S EY S E LS ¢ F &KL FF LS PN IR MO AP PN
N v TF W @Y TR O
O ) (2 D
& & & < #
& & &

[FLAG 2024 arXiv:2411.04268] [xQCD PRD92(2015)034517] [ETM PRD104(2021)074515] [FNAL/MILC/TUM PRD98(2018)054517]
[HPQCD PRD91(2015)054508] [ETM NPB887(2014)19] [CQCD PRD109(2024)054507] [Alpha EPJC80(2020)169]

[RBC-UKQCD PRD93(2016)074505] [HPQCD PRD82(2010)034512] [BMW JHEP08(2011)146] [FNAL/MILC PoS CD09(2009)007]
[HPQCD PRD98 (2018) 014513] [Alpha EPJC84(2024)506] [Alpha JHEP05(2021)288] [Petreczky,Weber PRD100(2019)034519]
[JLQCD PRD94(2016)054507] [HPQCD PRD102(2020)054511] [HPQCD PRD102(2020)054511] [RBC-UKQCD PRD110(2024)054512]

» mP (1 =2 GeV) = 89(3) MeV » ml(u =3 GeV) = 999(14) MeV
> mc(p =3 GeV) = 974(8) MeV (Ds and 1)
> e =12.1(4)

Oliver Witzel (University of Siegen) 17 /24
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Lattice calculation of neutral B(Os) meson mixing
» Standard model process described by box diagrams

0 q Q q

q Q q Q

» Top quark contribution dominates = short-distance process

— Describe by point-like 4-quark operators
» Parameterize experimentally measured oscillation frequencies Am, by

nBSOMquB BBq { th}2, q=4d,s

— Nonperturbative contribution decay constant féq times bag parameter égq

Oliver Witzel (University of Siegen) 18 /24
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AQ = 2 mixing operators
» Standard model process described by

Of = b*v#(1 = 5)q* by,(1 — 75)q”

— General BSM considerations give rise to four additional dim-6 operators
» Calculate matrix element
9a\ _ /R q _ 82
<Ql> = <Bq|Ql|Bq> = §quMBqBBq

» Convert “lattice” bag parameter Bg_ to RGI bag parameter éBq
— Renormalization/matching procedures used in the literature
Perturbative scheme: Fermilab/MILC, HPQCD
Nonperturbative scheme: ETMC, RBC-UKQCD

» Operator mixing occurs for non-chiral lattice fermions

Oliver Witzel (University of Siegen) 19 /24
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AQ = 2 mixing operators (literature)

[Albrecht et al. 2402.04224]

0.70

0.65

0.60

AMy [ps ]

0.55

0.45

I Combined

e HFLAV'23
FNAL/MILC’16
RBC/UKQCD'18
Sum Rules'19
HPQCD’'19

FLAG'13

15

Oliver Witzel (University of Siegen)
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[King Thesis 2022]

HPQCD'07 This work

ETM"14 [ SR+matching
FNAL/MILC'16

only SR
GKMP'16 - v
FLAG'19 (2)
FLAG'19 (2+1)
HPQCD'19

. # i

o
xoedqdpone

=S =S =S =S =S
Bo, Bq, Bo, Ba, Bo,

» Ongoing work by RBC-UKQCD+JLQCD

[Boyle et al. PoS Lattice 2021 224] [Tsang Lattice 2023]

» Dim-7 operators pioneered by HPQCD
[HPQCD PRL 124 (2020) 082001]
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Example: AQ@ = 2 mixing for a “neutral charm-strange meson”
[M. Black, R. Harlander, J. Kohnen, F. Lange, A. Rago, A. Shindler, OW]

Bi, AT = 44

» Data anlysis/plots: Matthew Black

Loo - RG-improved BYS RGE p — 1o = 3.0 GeV
AARERBEEE o ecssnens e00e0808232 c00008600
e e3
0.80 .,g:;:n :::::c.eeosu sooce00ee
& OLat = 17818 Gov = H ecc;:;:aeseo@ee@@@@ coooee00®
T2t = 78S Gev & o 8 siiic scee
F oML eV I [] 8 =H EEEEEEELEE T
. TM2al = 2355 G a ° Egaﬁaggﬁsgggsaaggg E8sEmsaag
- T M3, 0! = 23833 GeV || 076 9 “eoms EEE:SEEEE
0.80 TOFIS, a7l = 2785 GV g ==en
S or B N0 u =85 Gov
T 3 3 T 3 Lon NNLO Ji= 10 Gov
r/a? B D muonzisay
NLO o
0.72 | § l\'.\lLO:ﬂO
N I NNLO NS
1.00 preliminary
0.70 +
0.0 0.1 0.2 0.3 0.4
7 [GeV7Y
M2, a! = 2.3833 GeV
M3, a! =2 eV
» Consistent with short-distance
20 40 0 o
time results for D” meson mixing

» F1S: 271 =2.785 GeV — ETM 2015: 0.757(27)
M. = 268 MeV — FNAL/MILC 2017: 0.787(57)

Oliver Witzel (University of Siegen) 20/24
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Heavy meson lifetimes (AQ = 0 operators)

» Heavy quark expansion (HQE): lifetimes of heavy mesons
described by 4-quark operators with AB =0
— Optical theorem: calculate imaginary part
— Integrate out W boson, double insertion
AQ =1 eff. weak Hamiltonian

» Operators Oy, O,, Ty, T», contribute

» AR = 0 operators mix under renormalization
— To date no complete LQCD determination
(only exploratory work 20+ years ago)
— Mixing suppressed using GF

» Quark-line disconnected contributions
— Notoriously noisy, expensive to calculate on the lattice
— In principal we know what to do ...

Oliver Witzel (University of Siegen)
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AQ = 0 operators and bag parameters

» The four AQ = 0 operators
01(7) = (@ (1 = %)) (@1u(1 =) Q)(7)  Ta(7) = (@u(1 — ) T4q)(G7u(1 — 15) TAQ)(7)

Ox(7) = (Q(L —5)a)(G(1 +75)Q)(7) Ta(7) = (Q(L = 75) T4q)(G(1 +5) TAQ)(7)
» Determine bag parameters by calculating hadronic matrix elements using GF
(H|O1|H)(7) = f§ M}, Bf'(7) (H|To[H)(r) = £z M} e1'(7)
_ M3, 2 012 pH _ M3, 2 012 H
<H|O2|H>(7) - (mQ + mq)2 fH MH B2 (T) <H|T2|H>(T) - (mQ I mq)2 fH MH € (T)

» Match to the MS scheme using SFTX
Bi(r, u)) <BGF(T)>
(S0 =t (&5

Oliver Witzel (University of Siegen) 22/24
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Example: Ds meson lifetimes (AQ = 0 operators)
[M. Black, R. Harlander, J. Kohnen, F. Lange, A. Rago, A. Shindler, OW]

» Data anlysis/plots: Matthew Black

» Extract bag parameters for all ensembles

— F1S: a=1 = 2.785 GeV, M, = 268 MeV

By AT =28 By, AT = 40 QL AT =48 oo e AT =44
T, ~0.02 00
" HMH | —00025 L ﬁ
1020 }{ {} —0.04 :;n~ A‘;i ~0.0030
i { I i - 3;.\ o ~0.0035
1.015 —0.061 3, =
é Hﬁ%ﬁ}gﬁﬂ i! o Vi 0.0040
1 ﬁ ﬁ 1 ‘. <1 00045
o ﬁ I ﬂ : O, ;e
. L. o ~0.0050
H%ﬁ TILILIITY ﬁﬁ{ 0.985 K
voos | FHITIH ey Zo10] o JT 00085
o0 - :'\ )_.' A —0.0060
—0.12+ —0.0065
0 20 30 40 20 10 2 )

Oliver Witzel (University of Siegen)
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FIS 7/a? = 0.5
F1S7/a® = 1.0
F1S7/a® =15
F1S 7/a® = 2.0
FIS7/a®> =25
F1S 7/a®> = 3.0
FiS7/a®> =35
F1S 7/a? = 4.0
FIS7/a? =45
F1S 7/a® = 5.0
F1S7/a® =55
F1S 7/a* = 6.0
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Example: Ds meson lifetimes (AQ = 0 operators)
[M. Black, R. Harlander, J. Kohnen, F. Lange, A. Rago, A. Shindler, OW]

» Results for flow time in lattice units
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» Data anlysis/plots: Matthew Black
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ggﬁ%ﬂi?ﬁﬁiﬂiﬁiﬁmiﬁﬂﬁi;i
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Q
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Example: Ds; meson lifetimes (AQ = 0 operators)
[M. Black, R. Harlander, J. Kohnen, F. Lange, A. Rago, A. Shindler, OW]

» Results for flow time in “physical” units (GeV~?) » Data anlysis/plots: Matthew Black
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= 1.0501 g E
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N g%gﬂﬁ o Ll
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Example: Ds; meson lifetimes

» 7 — 0 limit (work in progress)

RG-improved BYS RGE 1 — iy = 3.0 GeV

(AQ = 0 operators)

fermion flow
0000000000

mixing and lifetimes
[e]e]o]e]e] }

summary

[M. Black, R. Harlander, J. Kohnen, F. Lange, A. Rago, A. Shindler, OW]

RG-improved BYS RGE jt — jty = 3.0 GeV
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» Data anlysis/plots:
Matthew Black
» Vary scale p to compute (pm
» Run back to 1o = 3 GeV in
MS scheme
» RG improve
79, 0(7) = A(s(1))Lur O(7)
» Final result: spread of fits w/
good p-val. btw. (Tmin, Tmax)

» Half the spread of NNLO and
NLO added as additional

systematic error
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Summary

» GF scales \/tp and wy are well-established for scale setting

» GF+SFTX provides an alternative, non-perturbative renormalization procedure
— Entirely different systematics than RI/(s)MOM methods
— Windowing condition in flow time appears to be easy to meet
— Allows for high precision determinations

» GF provides an alternative way to renormalize bag-parameters for heavy meson lifetimes

— To-date no lattice calculation with full error budget for heavy baryon lifetimes
— Results from our pilot study about to be arXiv ready

Oliver Witzel (University of Siegen) 24/24
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https://web.physik.rwth-aachen.de/user/harlander/software/feyngame/
https://tp1.physik.uni-siegen.de/wp-content/uploads/sites/6/2025/10/subatomic_heroes_englische_untertitel.mp4
https://tp1.physik.uni-siegen.de/outreach
https://arxiv.org/pdf/2510.21494

RBC-UKQCD's 2+1 flavor SDWF+Ilwasaki gauge field configurations

L a=1(GeV) am ams My (MeV)  Nge X Neonf
C1 24 1.785 0.005 0.040 340 32x101 [PRD 78 (2008) 114509]
C2 24 1.785 0.010 0.040 433 32x101 [PRD 78 (2008) 114509]
M1 32 2383 0.004 0.030 302 32x79 [PRD 83 (2011) 074508]
M2 32 2383 0.006 0.030 362 32x89 [PRD 83 (2011) 074508]
M3 32 2383 0.008 0.030 411 32x68 [PRD 83 (2011) 074508]
F1S 48 2.785 0.002144 0.02144 267 24x98 [JHEP 1712 (2017) 008]

» Lattice spacing determined from combined analysis [Blum et al. PRD 93 (2016) 074505]
» a: ~ 0.11 fm, ~ 0.08 fm, ~ 0.07 fm

Oliver Witzel (University of Siegen)
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