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It is important to undérstand nonperturbative effects of Quantum Chromodynamics (QCD) at
finite temperature. Monopoles are induced by performing abelian projection (partial gauge-fixing)
in QCD, and the string tension extracted from the monopole part reproduces the original one (
monopole dominance). This fact suggests that monopoles play an important role for confinement.
We study the effective monopole action at finite temperature in SU(2) gluodynamics on anisotropic
lattices. Using an inverse Monte-Carlo method and the blockspin transformation for space directions,
we determine 4-dimensional effective monopole action at finite temperature. We get an almost
perfect action in the continuum limit under the assumption that the action is composed of two-point
interactions alone. It depends on a physical scale bs and the temperature T. The temperature-
dependence appears with respect to the spacelike monopole couplings in the deconfinement phase,
whereas the timelike monopole couplings do not show any appreciable temperature-dependence. The
dimensional reduction of the 4-dimensional SU(2) gluodynamics ((SU(2))sp) at high temperature is
the 3-dimensional Georgi-Glashow model ((GG)sp). The latter is studied at the parameter region
obtained from the dimensional reduction. We compare the effective instanton action of (GG)s.
with the timelike monopole action obtained from (SU(2))4p. We find that both agree very well for
T > 24T, at large b region. The dimensional reduction works well also for the effective action. The
timelike monopole (instanton) actions here obtained are fitted beautifully by the lattice Coulomb
propagator. The result means that the nonperturbative effects such as the spatial string tension in
the deconfinement phase are given by the timelike monopoles in (SU(2))4p.

MOWHEERA 2R T 5 & EX 5TV A Quantum Chromodynamics (QCD) ., KT L F—
BB BWTEIRFEE L), BHRREIERT 2. OO LI T IIHEEIC 2 255, BT
QCD %. % DIRHBPWFEFFB SN, RIMEROWRIWT T 2BRIIHEA TV, L LS
5, QCD DRENLIEBBEINHERND 10THE 7 +—7OHLADICELTIR,. BEOLZAF7E
RSN LRV nEEny,

YORERIBVWTIEHHALADLONTWE 7 -2 TH A, AREE QCD TREELYB (L
TV EAHEBFREI ), BEAIIBVTERIID IR UAD 51T, Quark Gluon Plasma 127
BEEZOLNTWE, DX IZ, BLADEVIBEHEEZ 2T COEBREERICBWTIZES
CHMAEMIRIZOTHEH, T0X) 2EBBWBRRENFEDL I ICL TR 200 2 BT

—187—



ZIELIEETHY)., TNNEBLOENTH %, .

INF T bR TV ARZED S, QCD DFFMEIE T Abelian Projection & \»7) &F4H9 gauge
B %4774 ) & & THT ¢ % monopole DEHENFEETH S LEZ bMTWwh, AIZIETHET QCD
12X ABFE T, $BIC SU2). SU(3) gauge BROBHEIT, string tension F O Uik & HF# A
\F 2B & 73t LT, Abelian dominance % monopole dominance & V%) REFBBE S T2,
Abelian dominance & 13 T4 non-Abelian 232> 53k & L7- Abelian DEHDAIZL T, T
® non-Abelian ZETHIE L-WEEZBREHEL LW BOT, DT &id QCD I Abelian O
HHBAVEET S I L ETB L TWA, F7:, monopole dominance & id Abelian projection L
72#123k X 1} L 7= monopole DER45721F TILD non-Abelian OWEFEIHERSL, LWIHDT, B
U5A® 2% LT monopole NEELZZEZ R/-LTwH EW) 2L, £ LT monopole TEhNSE
HEBZOFHEEXDTEL TV S,

TOELFICESVT, YuREATREFLERAV/EHER (monopole action) PFHLN TV
2. ARREERIZHE VTS monopole DEEMIIBHINTE Y, EnREROGEL Bi7s 30k Fra
W L AERE SN D, FECE Y. HIRIEE SU2) gauge Bid (BT, (SUQ@))p £ T5) KB
W, #F simulation Z BT effective monopole action T2 Z L ¥ A A izo BFLETERT
WBDTESEHREZZ ALENH LM, FORCHERBETHL I LEEEL T, FEI/TFLET
Ex7me TRITX Y. Z2HFHNS blockspin 3% L, BAGMIZEMICEFHEET IS (LTY <
LT, HEERAELOND L IR D, action DRFEIR, T ETHAE S 72 monopole current
1= L C. Inverse Monte-Carlo % BV 5 2 & Tk ofze F72. WY ANSMEIEMHIE 2 KD
ODOHZFIRE L. Wilson loop 23§ 2 WEMERDENDP L, Zef /1 monopole (space-like
monopole) & B monopole (time-like monopole) %X L7z #ME simulation DFFR,

(1) 0.6T. < T < 24T, DHEHENT, FOERIZ BT, ZRIH O scale by « IBE T OAEKFT
2 BEEIEEE %47 monopole action 25 H N7z,

(2) space-like monopole action OBERFED FHLAOMIIBVTIHNL . ZL T time-
like monopole action (ZiZBI LA - FEH LA WA CBWTEREREESR ORI EAD
Pole

BN 7z action D by T AR 1IZRY,

Kic. EiEAE (GER UiAodE) <81 2IEEERRICER L. T OMICEIT ZIERFHRICIE, B
213720 2 FHCEE 5 h A Wilson loop 25 K H 115 spatial string tension % £4%% % (SU(2))ap
i1, BiEAHIC BT dimensional reduction %477% 9 &, 3 KT SU(2) Georgi-Glashow model (UT.

self—coupling(space) vs b, self-coupling(time) vs b,
72'x(8-32)lattice , blockspin factor n=1 , b=0.075

72°x(8-32)lattice , blockspin factor n=1 , b=0.07S
0.4 ; " :

®0.6T, ®0.6T,
mO.8T, BOST,

AOI6T, A096T,
O1.2T, 03+ ¥ O1.2T,

D 16T, O 16T,

2t A24T, T ry A24T,
T

x

o2} %

=

% .. o1t 3,;%

I 1: space-like monopole (7£) & time-like monopole (#5) @ self-coupling & b, D BIFRDIRBEAKTF
HIZDonT

—188—



String tension T=2.4T, 32" lattice

04 T T r
o5U(2)
& Abelian
03+ A Instanton
02 |

RIS

2: (GG)sp D string tensiono {MEEIL 2.4T,0

Couplings vs Distance

48°x(8) lattice , 24T, , 2,=0.250
& - T
. ®3DGG-n=
B 3DGG-n=
¢ 3DGG-n=
A3DGG-n=4
<43DGG-nz=6
4 +3DGG-n=8 |
Q4DSU(2)-n=
s 1 4DSU2)-n=2
2 4DSU(2)-n,=3
A4DSU(2)-n=4
- ~34DSU(2)-n,=6
+4DSU(2)-n=8

K 3: 5547z action @ couplirlg DEMKFMRL 2 00 action DHE, B 24T,

Couplings vs Distance Couplings vs Distance
48’ x(8) lattice , 2.4T, , ,=0.250 48’ x(4) lattice , 4.8T, , 2,=0.250
Y T T : ,
14 \ ¢—4DSUQ2)n=3 : 147 *—4DSU(2)-n=3 1
\ &—dh 4DSU(Q2)-n=4 A4 4DSU(2)-n=4
s 2’{ A «4--44DSU(2)-n=6 . | 12t «--44DSU(2)-n=6 i
\ \ +—+4DSU(2)-n =8 : +——+4DSU(2)-n =8
\\ \ (G —©Coulomb Propagator fitting (G —~©Coulomb Propagator fitting

X 4: time-like monopole action ® Coulomb propagator IZ & 5 fitting, IREEX 24T, () & 4.8T,
() o

—189—



(GG)sp £ 5) T2 bZ EFHLN TV A, (GG)sp iZ1d. 't Hooft—Polyakov monopole (instanton)
& vy 9 classical solution 25FFE L, #12T Coulomb gas & L THRIED) T L CHLADMREI AT L
A, BRI OBENICAREN TS, COFHERICBITLHACADIE, (SU2))p D spatial
string tension & B4R LT\ 5% &# 2 L1, monopole DEE D H\ 21E, (GG)3p 1B 5 instanton
& 4ARTTZEBIZB W T static ZFFAETH 5 time-like monopole DHFE L TWB EEZZ LNLDTH
Bo FIT, INSDOMBREHES DI, (SU(2))sp P time-like monopole action (& 5 time-slice
TE£Z27:b®) & (GG)3p D instanton action % I L7z,

(1) ¥, dimensional reduction L7 parameter &2 817 % (GG)sp T monopole DEEM: = H
#3 57=912, string tension ZHIE L7zo F DR, Abelian dominance. monopole dominance
PRERE N (F2).

(2) effective monopole action DI#IL, 1.6T, < T < 4.8T, DFEH TIT 2 o720, TDRR. T > 24T,
ZBVT, b OKREZFHNEBT2 00 action H—H T2 Z Ldsbhroiz (H3). TNOT &I,
monopole % ® topological ZEM A5 A TS, T > 24T, T dimensional reduction DFEPH
BTHAHAZEERL TS,

(3) 8 57z action 1. lattice Coulomb propagator {2 X 9, FEEIZ L { fit HiRAEZ &b o7z
(B 4), Zhid. (SU(2))sp P time-like monopole #¥ Coulomb gas & %2> TV 5H Z &, 4 KITHY
12 & NUE. wrapped monopole loop (B 75 M D BB &M1C X - TH U 7> monopole loop)
%% Coulomb gas % %9 Z & T, spatial string tension 2SO TR WEZRHOZ L2 EKRL TW
o ¥/ T < 24T, I2BWT b, time-like monopole action X T > 2.4T, Db D EFFFEITHT
B, EHLADHBIZBVTIE time-like monopole A% IEBRBIRIRDIFE L 2o TWDB T & & RKE
LTwa,

L7:d5oC, TURERDED QCD OLEEFBICB VT, FFRFBYRZEILHEITIE
monopole DEHEBEVEETHL EHERIOTON L,

FAMNEERROES

AREZBESE, BEOHKE, LEFMHUCELTUTOXSITHEL .

FRAGERTO D (BFEHY) REBVHEERRZROBORTH CIRIEBHNLMITIEOHMBENLET
H5,

A, EEFNAROBVELT, BTFETERELENZFOBRTHREZETANOZalb— 3
SHETEHRL, TOv 7 AESERENIKRTFLETO DABZEZFE > THEER TOHOBTFH DRI E
BTOEYEESEEL LVWSFHEEF>TWS, FOFET, FRIBE®D SUQ) QD (SUQ) ) & D ERMIR
TRRND 3 RITOD Georgi-Glashow BE (GG) ,) & KIZNDB v FRFEFFDSUQ RS —OHRmEBITL,
DUTFOL> Bk H DHERERT.

Dﬁ%@ﬁﬁ@%?@ﬁé%ié&mﬁ%%ﬁ%?h@@ﬁﬁ%ﬁ%ﬁm,mwm@TQBLSTs24@
CTHEER & EMEE /B VESERZREL . O BRHECERNZE , R-ILVOERICENETIRD
E)EINOBBOBENERBRTIEEREEOEVIENZ I LERDITE, 3) BIRHETOREDHHRZ
FABEDI, (66 D1 AT > hAER & (SUQ) ) OFRANE/ R—IERZEE 167, < T< 487,
e EffFoiz. MEE, T224LTELS—BLTWAIEERDITZ. ) ZOWMEDEMIZ, Coulomb H
CHOHMEERETOIELET A E0bho k. TORE, BIEHATOEBBHHRIL, FENLRE/ K-
NOy—OrEEENI BB TEBETED ZEVDMD I,

PRI, BEO full WD HEBOWEAOEHZVVBES DO TREH%RSLEELHRTH S,

UEDANSEERRERIMSELHNELTHET D MR L.

—190—



