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£ gauge

Due to gauge invariance A, (z) — A, (z) + éDﬂa(x), path integral adds gauge fixing &-term.

Z = /DA"‘eiS = /DADaé(G[A])det(G)eiS

= N/DADA exp(—ig—z)(S(auA“ —A)e™ (1)
=N / DAexp(—i—(a”;g)Q)eiS
_ G[A,oz]Q _ (8;114”)2
Lar=— 5% T 2 (2)

Choose gauge fixing functional G[4, a] = 9,A"(z) — A(z).
The gluon field propagators,

Arp Ap
a b : cab 1 kI—LkV kﬁ"k’/
(A AL = =i (- B2 ) 4 B, ©
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Motivation

Q@ B T, EEEENTEZhaofeng Liu, PhysRevD.2014] [Yujiang Bi, PhysRevD.
2017].

@ Chiral condensite/ sysmetry breaking mass [Yi-Bo Yang, PhysRevlLett. 2018] .
© Check other gauge dependency in numerical calculation.
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Renormalizable-¢ gauge (R, gauge, £ gauge) is a more general linear covariant gauge.

¢ = 0, Lorentz / Landau gauge
¢ = 1, Feymann-t'Hooft gauge.

Landau gauge condition

AT = 0. (4) |
¢ gauge condition
A™=gmA™, (5)
8 m 2
A(z) = ;T;Am(az) - Am in SU(N,), where A™(z) ~ exp(—(A2(;))). (6)

@ Cucchieri et. al. (2009) 7 SU(N, = 2) #SBIZIRH TERS ¢ PSE;
@ Bicudo et. al. (2015) £ SU(N, = 3) {&riBiA%T ¢ HEEEE A/E 7L,
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£-gauge fixing implement on lattice

For Landau gauge, ¢(z) satisfies the minimumized functional:

FrclU,g] = —%eTrZ 9(2) U, (2)g"(z + 2,), (7)
T,
For ¢ gauge, the minimumized functional(Nielson-Ninomiya) :

FelU, g = FrclU, g] + ReTr Y ig(z)A(z). (8)

T

We define functional under £&-gauge by using relaxation method:

FlU.gl(z) = > (9(2) Uu(2)g' (2 + &) + 9(2) Ul (z = &) 9" (x — &) — ih(@).  (9)

m
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£-gauge fixing implement on lattice

Relaxation iteration algothm:

t9f10|d = FIU]; The iteration algothm
g=1;
While (conver > GfAccu) && (n_gf < GFmax) Do: Over relaxation
for cb : // checkboards loop
for 3 subgroup SU(2): {FFT accelerated relaxation
// extract SU(3) loop
grelax (); The convergence parameter 6:
end for;
end for; A(z) = 90,4"(z) — A(z),
Reunitarize(g); // new g(x) minimumizes F[U] 1 ,
Unew = g U g+; 0= —— Tr [A(z) A" (z
tgfnew = F[g U g+]; NcL4§I: [ ( ) ( )]
conver = calc_theta(U_new) ; (10)
// convergence criterion Realize ¢ gauge when 6 < 10~14.

end while
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convergence:RBC-241 ,conf#000975
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Efficiency of £-gauge fixing implement(1)
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Figure: (a)RBC-24I confs, (b)RBC-32I confs.
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Efficiency of £-gauge fixing implement(2)

Volume g ¢ <0.8 1.0 1.2
164 6.0 | BRI (%) >80% ~70% ~ 60%
3 <0.5 0.8 1.0
24* 6.0 | BRIDE (%) >80% ~40% ~ 14%
Table: 241/321 FIH=R
Volume B 13 0.05 0.10 0.15
24% x 64 213 | BRIHE (%) 100% 74.6% 31.5%
Volume B8 £ 0.10 0.15 0.20
328 x 64 225 | BRI (%) 100% 94.2% 61.7%
Table: #3EIHETEE
label g o }(GeV) Volume msa/mia Neon
241 213 1.785(5) 24°x64  0.04/0.005 150
321 225 2.383(9) 32°x64 0.03/0.004 150
321f 237 1.378(7) 32°x64 0.0186/0.0047 50
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Gluon propagators

Ap
1
(A2(p)AL(-)) = Bepe ) gBebe] $T
133 v pz pz A Np%,g
0.25 1.5
0.204 : le
0.15%% 104 ®
- ~ i
J o010 ee e o anponmmae | I ] s
Q ] Q ] ®
] 0.5 ® 9
0.05 {—o—0—0 —o oD cuPcnREmunD ] .~
0.00-:W ]
_0-05-""I""I""I"" 0'0-""I""I""I""
0 5 10 15 20 0 5 10 15 20
a’p? a2p?

#E%&5T (IHEP) In collaborating with #—3% (ITP), fF% (IHEP). Lattice realization of £ gauge hEIRA QCD F—EFES 12/28



¢ renormalization effect

3.0
] @® 005
] @ o0.10
2.5 @® 015
] !!i
E ®
§ =80 T 2'05 - ®
(AL Ay (p?)) = Za(ABe APe) & 154 .
Ze = Zs Q@ ] e
~ 101 &
2 1 2 05_:
= Za(p®) ~ pzATZA(p ) = Za(0) g
00—
0 5 10 15 20

He&T (IHEP) In collaborating with 45— (ITP), B&= (IHEP). Lattice realization of £ gauge



¢ gauge fixing results -
¢ gauge perturbative matching from RI/MOM — MS.

1.0
ZRIMOM () — (p|0]p) ] Ry
(p|OPare | p) 5 ) ] ¥ 010
p?==-Q %) ] ¥ 015
Zhaofeng Liu, PhysRevD.2014 % i
Yujiang Bi, PhysRevD. 2017 | i
— 0.94
¢-matching(up to 3-loop): x ]
RI' — MS:Gracey,2003,hep- 1\7
ph/0304113 NTn
Gracey,2003,hep-ph/0306163
0.8

Gockeler,2010,hep-lat/1003.5756
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¢ gauge fixing results
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¢ gauge fixing results
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Zr(p*) = Z4(0) + C,a*p*at large a*p?

#6&5T (IHEP) In collaborating with #—3 (ITP), f5= (IHEP). Lattice realization of £ gauge hERRS QCD $—EES 16/28



Renormalization constants under £ gauge

Table: 241 £ ZVS (2.0GeV) JMEBIEFNE, ¥ /d.0f. < 1.5(preliminary)

¢ | Zs/Zv(MS)  Zr/Zy(MS)
Landau | 0.9180(33) 1.0724(10)
0.05 | 0.9199(38)  1.0737(15)
0.10 | 0.9238(43)  1.0716(15)
0.15 | 0.9209(53)  1.0689(15)
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Summary

@ i Bicudo (2015) BY ¢-gauge fixing BFiEH-.

Q &Im ¢ FSEAYEZE a)Lattice Volumn, b)coulping g, and plag Up

Q HifF ¢ AUBRRAANACEAINERE, AWHNRBHAFIRHINRZ, SRR
Ehttps://github.com/ChundJiang-Shi/xi-gauge-fixing,

O (LB THERUESITEYSHRRIET MS HRETHIEEAEM,

Outlook

Q ¢ FUBHERRERIFHTHRY, EEXIEFLE, ittt GPU+FFT FTRIREHTE.
© IR behaviors, Chiral sysmetry breaking contribution...

4
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https://github.com/ChunJiang-Shi/xi-gauge-fixing
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U,u(x) - Uﬁ(l‘)

AH (:L‘ + éu/Q) = 27190

traceless

BEEN—RE, BISHIEE: .

3 €= go¢ (11)
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Normed density

—— theoretical

1.4 mam density of A[i]

#E%&5T (IHEP) In collaborating with #—3% (ITP), fF% (IHEP). Lattice realization of & gauge



A EEIERE ST

RFIILSERNT:
© %F Box-Muller J5iE1EEA site EF=4E— 8 4#ERY gaussian DEER A" (2) € RS
SU(3) &£t EE, gaussian FZEN o, HE SU3) T

8
=35> A" (12)

m=0

l\D\’—‘

Q IBELIE(L: Relaxation/Over-relaxion iteration.
BiEzOLEB: XM K (2) S5BEEINER, EESHK & ARE.
Q iIrEWaISEL 0:

1
GZEFZ;HA@A%ﬂ (13)

INHZ 0 < 10~ BISCIR ¢ S ERE.
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Gluon propagators
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Chiral expoloration
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Momentum expoloration
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