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d Introductlon_ o - | e Vol T{P I Um}m) Ui = XeuVen Non-Abelian Stokes theorem
Dual superconductivity is a promising mechanism for quark e SRR Kondo and Matsudo RRD92 125083 (2015)
confinement. [Y.Nambu (1974). G.’t Hooft, (1975). S.Mandelstam, (1976) A.M. s UL, = ' _ : : : ..
oo LY-Nambu (1974). G."t Hooft, (1975). S.Mandelstam, (1976) Uew = Us = Q:lepllen | [Qx € G = SUWN) >Non-Abelian theorem in the presentation R is given by
yakov (1975)] Vg = Vi = OV O
X,H X,H xV x,u=ax+u
In this scenario, the QCD vacuum is considered as a dual super Xep = Xop = QueXap O | ., | ;
conductor v eld] = [ldu@)] exp(igfiautin) - f[du(g)]zexp(zgjm ANAI))
gty Tr[P (1;[>C & ]/Tr(l) where [dju(g)] - and [du(g)]y are the product of the Haar measure over the loop and a surface,
)= = Electro-magnetic — respectively. AU := UAU' + ig" UdU, and |A) the highest weight state of the representation R
duality = SU(2) Yang-Mills link variables: unique U(1) CSU(2)
= SU(3) Yang-Mills link variables: Two options Area low
superconductor dual superconductor minimal option : U(2)=SU(2) x U(1) =SU(3) | L
> Condensation of electric > Condensation of magnetic v'Minimal case is derived for the Wilson loop, defined for quark in Weld] = / [du(g)]z exp | —igym /2 . F 9] Fli= o fu (x)dy ndx”
charges (Cooper pairs) monopoles the fundamental representation, which follows from the non- o
» Meissner effect: Abrikosov | | Dual Meissner effect: Abelian Stokes’ theorem
string (magnetic flux tube) formation of a hadron string maximal option : U(1) X U(1) = SU(3)
Connecting m0n0p0|e and (Chromo_e|ectric flux tube) v'Maximal case is a gauge invariant version of Abelian prOjeCtion
anti-monopole connecting quark and In the maximal Abelian (MA) gauge. (the maximal torus group)
_ _ antiquark dWilson loop operator in the representation R
» Linear potential between » Linear potential between Unru b _ .
R M-=YM Matsudo, Shibata, Kato, and Kondo, PRD 100, 014505 (2019)
monopoles quarks Usyw 13, g _ _ _
SUG)o x [SUGIUQ)], SUGB)o x [SUGHWU() x U()], Written by using decomposed gauge field V (for fundamental
/' \;ed@ / representation) and color fields, n® , n® .
» To establish dual superconductivity, we must show evidences in - e Vang Ml .
various situations. e - > SU(2)
sUG) Uz, SUG)sy Vxa Ar SUG) Uz SUG)es Vot X

» There exist many preceding studies for the fundamental

representations at zero temperature by using Abelian projection in the il

| __1 2j-2n)
MA gauge . | | | WO = 77771 r%“"(“@ )
= Abelian dominance in the string tension. * Defining equation : maximal option WONI(C) = ltr(vzl'
o C
SU(2) Suzuki-Yotsuyanagi (1990); Stack-Tucker-Wensley (2002) ; By introducing color fields n$ = ©4(13/2)0", n® = ©,(18/2)0" 2
SU(3) Shiba-Suzuki (1994); Sakumichi-Suganuma (2016) (perfect e SUB)w x [SUE)/(U(1) x U(1))]g, a set of the defining equation for the
domin-ance); | | | | decomposition Uy, = XX,L(Lk\)/X,H ij_ given lzs; ) >SU(3)
= Magnetic monopole (DeGrant-Toussaint) dominance in the string Di[VInG” = 5 (Vxuidu — N Vi) = 0, k = 3,8)
tension. _ : : My _
gx = exp2zin/N) exp(i ijs’s ahny’y =1

SU(2), SU(3) Stack-Tucker-Wensley (2002)

_ Coressponding to the continuum version of the dexomposition A,(X) = V,(X) + X,(X)
=>Problem: DV In®X) =0, tr(n®x)X.(x) =0, (k= 3,8)
Color (global) symmetry and gauge symmetry is broken.

« Decomposed fields

A new formulation of Yang-Mills theory (on a lattice) Xou = R 0et(Ko) 2058, Vi = Ry det(Kip) 12 _ _ . .

for fundamental representation where 1 1 * Where V-field must be decomposed by using the maximal option.

Phys.Rept. 579 (2015) 1-226 Kxu @= (,/Kx,yKi,u)_ K Ky = Ki,y(\/Kx,uKi,u)_ * Invariant integration measure Du[&] Is dropped by using the
.. ' o Kew = 1+ 6nOU,n@UL, + 6nPU, UL, reduction condition, i.e., V-field is obtained by using the color field

For SU(N) YM gauge Decomposition of SU(N) gauge links | | ’ ’ ’ determined from the reduction condition.
Ibmkt thfrg_?_rte several possible options of decomposition discriminated » Note that we have arbitrariness in choice of the reduction condition

y its stability groups:

* Wilson Loop operator for higher representation: Polyakov loop value distribution and the Poliyakov loop average

4 Lattice data for various temperature

In SU(3) Source: Bali(2000)
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« standard Wilson action 244 lattice p=2.5 e Q? Xp>eC 8 _ 11 o e
hyper-blocking smearin It tr(Upro) = tr(U 6 = [2,0] I
yP J J * V dominance for the static potential @Eﬂzﬁ% Vna) (L) , o |
/ 0 Lt uUny) = e -1 boa = [2,1]
>Fundamental representation (Left) | ° (Right) the string breaking for YM O T U = LieU)? + U2 10 = [3,0] L
o P o ( _ ) field starts at R = 0.7fm, but not for fo et Upg) = 5 ) (U%) |
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WIDVI(C) = L [ Du[glr(v?) = Sur(v(n)?) | . - | o
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The ristricted field (V-field) dominance for (left) fundamental [0,1] R | L
»SU(3) case :: (middle) adjoint [1,1] (right) [0,2] representations. orf o Wl —
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» standard Wilson action 24* lattice =6.2, f=6.0
« APE smearing
+ various reduction condition (MA, n3, ng) e Static potential for various temperature (B)
e Yang-Mills flundamentlal rep | | Yalng_,.‘:,.lms Iadjgim 1 ,T],ep | e | I‘v’anlg—Millls [0.2] rern | Dsummary
<*Reduction condition (determination of color fields) .| B8 | .| - * Through the non-Abelian Stokes theorem (NAST), we have obtained
L . . . . =3 2| _ . the Wilson loop operator in the representation R for the restricted
« The decomposition is uniquely determined for a given set of link variables .| ves - P sl | | field.
Ux, and color fields which is given by minimizing the reduction condition. - o _ _ _ _ _ _ _
. L . | : o i [ _ « \We have investigated Wilson loop average in the higher representation
¢ The I’edUCtIOn Condltlon IS In'[I‘Oduced SUCh that the theOI’y INn terms Of new - o ; . ] ) S by US|ng Iattlce Slmulatlon’ and Obtalned correct behaVIOr’ Ie’
variables is equipollent to the original Yang-Mills theory, 1.e., defining an i A S I L] M R & I B R restricted field (V) dominance in the string tension for the higher
effective gauge-Higgs model whose Kinetic term is given by the reduction NEREEREEE A LD representation:
condition asance n e searoe > the adjoint representation for SU(2) yang-Mills theory
. estricted i, undamental op restrcted ield, acjoint [1.1] rep . resvomafied paren » the adjoint and 6-dimansional representation for SU(3) YM
for given Uy, e N theory.
4 B - AT : 11 b-58 1_4_ | “l | ] . .
Y oY (") (Dg[U]n(f))] represented MA = 12} IS IREY BRI We have extended the formula for Wilson loop at the zero temperature
e L8 | os | B85 ; o 1 B to that for Poliyakov loop at nonzero temperature.
FO,U] = < Zx‘“tr ZJ.(Dﬁ[U_ n®) (DS[UIn®) | representied n8 R R o || _ ‘  We have investigated Polyakov loop average in the higher
. ) : I ) | _ n representations.
M 3 . 04 | Lox < 04 | < } . . . .
\ 2., r| 2, (D5[UIY) (D5[UI®) | represented n3 el ‘ I Y R | | > We find V-field dominance in the Polyakov loop.
| N . x i is % 6§ L o ¢ ¢ ¢ ° 7 F I B S » V-field dominance in the string tension for the higher
n®where n; = ©'H,0, H; Cartan generators, and D$[UnY) = Uy ik, — 0’ Uy, oo aistance R T Ceen © T F representation at finite temperature.




