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B.B. BparyTa
N®eB3

31 aueaps, 2012

B.B. BparyTa



Beepenune

KoHTuHYyanbHbIA MHTErpas B KBAHTOBOW MEXaHUKE

@ Paspgensiem otpesok t € [0, t'] va Ng uacreii t; = ﬁ‘tl

o TpaekTopusa t; <> X; C rpaH. yCNIOBUSIMU Xg = X, XNy = x/

@ Vcrpemnsem Ny — oo
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M. Kpoiiy, “Keapku, rntooHsbl n pewetkn’
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Beepenune

TyHenbHbIA 3cpdbekT

q

nstanton ant-nstanton

\/ q) )
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Beepenune

CraTuctnyeckas cymma

= Sp[efﬂﬁ] ~ /dx(x, t/\x, t=0)p__ ;¢

@ Ocuunnnsuwii ver, 8 =t ES

T

@ TpauuuHble ycnosusi: xg = Xpy = X, ( reomeTpusi yunuHgpa )

q(0)=¢, q)=g,
Path integral over periodic trajectories

t
2 .

=17

D. Diakonov, arXiv:0906:2456
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Beepenune

bIYNCNEHNA Ha PELUETKE

@ Coszpatotca N TpaekTopuii {x;} c Becom

S Ca)

@ Dusuyeckas BennumHa f BolYMCAAETCA Kak cpepHee

Sple—PHf 1
=P T _ " S f(x
)= om0
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Beepenune

KXZ Ha pewetke

@ Crenenn csobopni: Ux , € SU(N), Up = Uy - U - U; : UA+

2N
2

- pasmep pewetkn Ng X N'3

@ Mapamerpsi pewertkn: war pewertkn a, 8 =

@ KoHTuHyanbHbIl uHTerpan

Zpe ~ / [1 pUexe <7SE({UP})>, G = % SSa- %T,up)
X1 P

HenpepsbigHblii npegen a — 0

o U, — exp (iga;\u), Up — exp (igazﬁ/_w)

@ Zje — Zaco

4
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Beepenune

Metna BunbcoHa

Mapamertp nopsgka W(C) = Tr [Pexp(—ig e /A4dx>]

Kondpaiinment T < T (T, =~ 300 MeV)
o W ~ e
o V(r)=—limrooslogW(C=rxT), V(r)~or

@ KBapKu 1 rntooHbl He CyLLeCTBYIOT B CBOOOLHOM COCTOSIHUM

Hekondpalinment T > T,

e oc=0

o KBapkm n rntooHbI CyLecTBytoT B CBOBOAHOM COCTOSHNM
(kBapK-r/ItOOHHAs Naasma)
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Beepenune

THas 3J‘IEKTpO,lJ,VIHaMVIKa Banks et al., Nucl. Phys. B129, 1977

U=e" cu@), 0€(0,2r), Up=elnr
@ Crat. cymma Z(J) = (exp (ig Je dx“AM)) =
02'" Hx,u dGM(x) exp [—ﬁ EX«M,U(I — cosGH,,) + '.Ex,u GHJH]
Cea3b c anekTpoguHamMukon 3 = 2‘% >1, 0, =agA,, Ou = anguu

@ Crar. cyMMa MoxeT 6bITh nepenncaHa B criefyloliem Buae:

Z(J) = exp [—ﬁ X,y Ju(x)AilJu(Y)] 2
Smeo exp [ ~2728 Doy mu()A™ my (v) + 207 5y my (A (7)1

@ Mpv B < 1 nponcxopnT KOHAEHCALMS TOKOB MoHoMoned ( 3aMkHyTbix neTens dm = 0), 4To
npuBoanT K KoHdaliHMeHTY

Q gZ=3 g2,=21"B, gegm=r
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Beepenune

Mogenb fyanbHOro CBEpPXMNpPOBOAHMKA )

TpeboeaHue mogenn

@ Hannune marnntHbIx 3apAanos

@ KoHpgeHcaunsi MarHUTHbIX 3apsigoB

B.B. BparyTa




Beepenune

MakcumansHo-abenesa kanubpoeka

e pabotaem c SU(2) KX],
A = A161 + Ax6o + A3G3, 012 3—maTpuubl MMaynu
o BbIbMpaem A MaKCUManbHO ANArOHANBHOIA:
maxq R(A®?), R(A) = — fd4x(A% + A2)
o Qo = diag(e ") e/™X)) ye mensiercs R(A)
o A npeobpasyetcs Ar — eT2YAL (AL = A £ iAy),

A3 —>A3—é(90(
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Beepenune

Abenesa JOMUHAHTHOCTb

OTtobpaxenne SU(2) — U(1)

Ecan B netne BunbcoHa 3amennts A — Az, To KOHARHMEHT
COXPaHSIETCA 1 BOCMPOM3BOANTCA HaTshKeHus cTpyHbl 95%
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Beepenune

NccnepoBaHume cBolicTB

abesnieBbIX MOHOMOEW
Ba>XHO A1 noHumMmaHuna KX/
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Hetann Bbi4ncnenunin

Hetann BblyucneHuis

@ SU(2) rnrooaunammka
@ ®asa pekondpaiinmenTa (ananason Temnepatyp T/Tc € (1,7))

OnpegeneHre TpaekTopuii MOHOMOEV

Qm ~ [g BdS

Tokn mMoHonosell Ha pelleTKe BUAHbBI Kak 3aMKHyTble nnHun ( TpaekTOpUM MoHomonen )
TpaekTopun 3amkHyTble (wrapped) n HesamkHyTble (unwrapped) 4epes yepes ocb xa
Unwrapped-mMoHononu cooTBeTCTBYIOT BUPTYyasibHbIM Napam

Wrapped-MoHONONM COOTBETCTBYIOT peasibHbIM HacTuLam

B poknape nsyqatotcs ceoiictBa wrapped-moHononeit
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Hetann Bbi4ncnenunin

B noknagpe byayT npeacrtaBaeHbl pesynbraThl pabor:

@ "Thermal Abelian monopoles as selfdual dyons.",
V.G. Bornyakov, V.V.Braguta, arXiv:1104.1063 [hep-lat]

@ "Study of the thermal abelian monopoles with proper gauge fixing.",
V.G. Bornyakov, V.V.Braguta, arXiv:1110.6308 [hep-lat]

@ 'First study of the abelian monopoles in finite temperature lattice SU(2) gluodynamics with
improved action.”, V.G. Bornyakov, A.G. Kononenko, arXiv:1111.0169 [hep-lat]

@ V.G. Bornyakov, V.V. Braguta, A. Kotov, to be published
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Hetann Bbi4ncnenunin

CTATUCTUKA )

| B |a[fm] |Lf| Ls }T/Tc Nmeas ‘ 5 ‘ o |Lf|LS T/Tfllv?m’ﬂs
243 [0.108] 4 [ 32 | 1.5 | 1000 | |3-640|0.92172| 4 148]3.00 | 200

3.54410.91877| 4 |48 2.50 | 200
2'51.15 0.081] 4 ?8 ?oU 400 3.480[0.91681 | 4 [48| 2.26 | 200
2.635 10.054| 4 | 36 | 3.0 | 500 3.410(0.91438| 4 |48] 2.00 | 200
2.635 |0.054| 8 | 48 | 1.5 | 1000 3.400/0.91402| 6 | 48| 1.31 | 200
270 (0.046| 4] 36 | 3.6 | 200 3.300|0.91015| 6 |48| 1.10 | 203
274 10.041] 4 | 36 4.0 100 3.285(0.90954 | 6 |48| 1.07 | 206
950 l0.034| 4| a8 | 8 | 1000 f3‘2§5 0.90867| 6 [48| 1.03 290

3.230(0.90714 | 6 |48| 0.97 | 237
2.85 10.029| 4 | 48 | 5.7 | 100 3.215[0.90646 | 6 |48] 0.94 | 300
2.90 10.025] 4 | 48 | 6.3 | 100 3.200[0.90578 | 6 [48] 0.91 | 201
2.93 10.023|4 | 48 | 6.9 | 1000 3.100|0.90069 | 6 [48] 0.76 | 100

B.B. BparyTa



MnoTHocTe MoHononei
KoppensauunonHsie dyHkumn

PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil
N3y4eHne noneii moHonons

[MnoTHOCTL MOHONONEN )
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Pesynbratel doutrposatus

@ Dimensional reduction: p ~ (52(T)T)3
o gz(T) b6epem B ABYX neTnsx
@ \2/dof ~ 1.4, T/Tc.>3, NA/T.=0.397(9)

@ xopownii KOHTMHYyanbHLIA Npeagen (a — 0) nnotHocTn
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MnoTHocTb MoHononen

KoppensauunoHHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil

N3y4eHne noneii moHonons

[lByx4acTuyHble KOPPENsLMOHHbIE hyHKLMN

_ (pm(@)pm(r)) _ dNm(r) (em(0)pa(r)) dNa(r)

r r)= =
gmm(r) 2 o anr2ar’ gma(r) 2 o ame2dr
Upm(r) Uma(r)
gum(r) =exp( ——— |, gma(r) =exp | ————
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MnoTHocTb MoHononei
KoppensauunoHHsie dyHkumn

PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil
N3y4eHne noneii moHonons

Koppensiyunontbie dyHkumn ( HENPEpbIBHBIA npeaen ) J
16 6 T
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PesynbTaThl BbIYNCEHWI

@ B3=2.43, Ny =4,a=0.1fm, B =2.635 Ng =8,a=0.05fm

@ CrpykTypa B3auMoOpeiicTBMA BUAHA Nyulle Ha MenKoW pelueTke

@ MoHononb-MoHoMONL OTTanKMBatOTCS

@ MoHononk-aHTUMOHONONL OTTaNKMBAKOTCS Ha ManbiX U NPUTSrUBalOTCA Ha Gonblinx
PacCTOAHUAX

@ MoHonons nmeer pasmep
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MnoTHocTb MoHononei
KoppensauunoHHsie dyHkumn

PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil
Nsy4eHune noneii moHonons
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Pazmep MoHonons

@ 2 X rmon = ro, ro—NONOXeHMe MUHMMYMa B NoTeHUMane
@ Mpw pacuere Ha Menkoili pelleTKe rmon yBeNu4Meaetcs Ha ~ 20%

@ He aenserca pewetouHbiM apTudakTom

@B npepenax ownbkun r,,,o,,al/z He 3aBUCUT OT TemmnepaTypbl
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OTHOCTb MOHOMOMNER
KoppensauunoHHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil
N3y4eHne noneii moHonons

®uTtupyem gaHHble

g(r) =exp —%e_mf" +c

@ «oHcTanTa c-yunTeiBaeT adbcpekT koHeqHoro obbema (c ~ 0.01 )
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PesynbTaTbl Bhl4YMcaeHnMi

MnoTHocTb MoHononei
KoppensauunoHHsie dyHkumn

CeoiicTBa TpaeKkTopuii MoHononeil
Nsy4eHune noneii moHonons

T/T.

Mp /T

a3

X*/Naog

1.5
2.0
3.0
4.8
6.9

2240.3
1.94+0.2
1.7+£0.1
14+£0.1
14+0.1

3.6+1.3
4.0+ 1.0
4.3+0.5
4.7+0.7
6.6 1.5

1.2
1.5
0.5
1.3
0.6

mD/OSIIZ

26
24
22

1.8
1.6
1.4
1.2

PesynbraThl

1/2
@ mp/o;’° He 3aBucuT oT TemnepaTyps!

B npegenax ownbkn Mp /T X o ~ const

HenpepbiBHbIV npegen: @ = 3.0+ 0.8 mp/T =1.94+02ana T/T =15

« pacter c Temnepatypoii (Shuryak, Liao, Phys.Rev.Lett.101(2008)) (MarHuTHas KoHCTaHTa)
a~1/g%(T)
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MnoTHocTb MoHononen

KoppensauunoHHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil

N3y4eHne noneii moHonons

Tpex4acTuyHble KOPPENSLUOHHbIE PYHKLMN

_ (pm(r)pm(r2)pm(r3)) ~ {pm(r1)pm(r2)pa(rs))
SMmm = T gmma =

MpubnukeHne napHoro B3aumMopeiRcTBMS:

gmmm = gmm(r1 — r2)gmm(rs — r3)gmm(r2 —r3), gmma = emm(rn —r2)emalrs — r3)gmalr —r3)

16 T

*fanalyze_output' using ($1="
* analyze_oitput using ($1==a7

(520753001005 11—
=b7530/0100110:11

by g

w2}k

Boieoael

OTk/IOHEHNA OT MapHOro B3aUMOLEACTBUS He OBHapy»KeHO.
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MnoTHocTb MoHononen

KoppensauunonHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CsoiicTBa TpaeKkTopuii MoHononei

Nsy4eHune noneii moHonons




MnoTHocTb MoHononen

KoppensauunonHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CsoiicTBa TpaeKkTopuii MoHononei

N3y4eHne noneii moHonons
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Mpn npnbamxkennn k T, yBENMYNBAETCA HUCAO TPaeKTOpUM C
KBaAHTOBOI CTaTUCTUKO

V.
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MnoTHocTb MoHononen

KoppensauunonHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CsoiicTBa TpaeKkTopuii MoHononei

N3y4eHne noneii moHonons

TO)K,EI,ECTBCHHbIe HacTuubl

e 1k
ka

A. D’'Alessandro, M. D’Elia, E. V. Shuryak, arXiv: 1002.4161

pk=A

B cay4ae cBobogHbix yactuy o = 2.5

1.03Tc|1.07Tc| L1Tc |1.31Tc
)(0.72(3)| 1.0(6)
)| 0.6(2) [0.7(4)
)| 05(2) | 0.7(4)
)| 0.5(5) [0.7(3)
)| 24(2) [ 2.8(3)
) )
) )
) )

1.6(1) | 2.0(3)
L4(1) | 1.8(2)
1.2(1) [ 1.6(2)
199
4| 154
X(a=25) 122 | 041 | 173 | 142
xla=3) 114 | 064 | L6L | 130
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MnoTHocTe MoHoMonei
KoppensauunonHsie dyHkumn

PesynbTaTbl Bhl4YMcaeHnMi CsoiicTBa TpaeKkTopuii MoHononei
N3y4eHne noneii moHonons

KoHpeHcauusi MoHononeii

Mpwn npubnmxenun k T, xumnyecknii notenuman o — 0, 410
SIBNAETCS CUCHAAOM KOHAEHCaLuu MoHononel

KoHpaeHcaT MOH VIOLLWIA KnacTep

B.B. BparyTa



MnoTHocTb MoHononen

KoppensauunonHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CsoiicTBa TpaeKkTopuii MoHononei

Nsy4eHune noneii moHonons

OHAEHCAT MOHO el HMX




MnoTHocTb MoHononen

KoppensauunonHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CsoiicTBa TpaeKkTopuii MoHononei

N3y4eHne noneii moHonons

Macca moHonons
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PesynbTaTbl Bhl4YMcaeHnMi

MnoTHocTb MoHononen
KoppensauunonHsie dyHkumn
CsoiicTBa TpaeKkTopuii MoHononei
N3y4eHne noneii moHonons

T/T.| a *Ar? m/T
15 | 297+0.01 (2.69+0.01
2.0 | 212£0.02 |3.77+£0.04
3.0 | 1.53£0.01 |5.23+0.03
4.8 [1.152 £ 0.003|6.94 £ 0.02
6.9 10.975 £ 0.003|8.21 £ 0.03

miT

PoWw AR N ® @

T,

PesynbTaThl pacyeTa

@ m/T = alog(T/N) Xz/daf ~ 0.2,a = 3.653(6),\/ T = 0.718(2)

@ HenpepeisHbIli npegen: m/ T = 3.96 4+ 0.20
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MnoTHocTe MoHoMonei
KoppensauunonHsie dyHkumn

PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil
N3yyeHune noneii moHonons

ol . ;8 5 o T T "
g g - 2.0
3.0 —— =] 3.0 —v—
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001 | ’
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0 0.2 0.4 0.6 08 1 0 02 0.4 0.6 08 1
T T

PesynbTaThl pacyeTa

@ [lebaerckoe skpaHUpoBaHMe 3apsifoB: Hz(r), E2(r) ~ exp ( - Mr)
@ H2(r) ~ E2(r), T.e. MOHONONb MMeET KaK 3/1eKTPUHECKM TakK N MarHNTHbIG 3apsigbl

o MopTBepxpaeTca poTaLMoHHas MHBapUaHTHOCTb




MnoTHocTb MoHononen

KoppensauunonHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil

N3yyeHune noneii moHonons

HyansHocTb
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MnoTHocTb MoHononen

KoppensauunonHsie dyHkumn
PesynbTaTbl Bhl4YMcaeHnMi CeoiicTBa TpaeKkTopuii MoHononeil

N3yyeHune noneii moHonons

XapakTepHble MacluTabbl B KBapK-FHOOHHON niasmMe

T/Te €(1.5,6.9), %2 ~0.5—0.6, —*= ~ 0.16—0.18, <’+'> ~ 0.16

Boigoael

° BBaWMOAeﬁCTBWe MeXAy MOHOMNONAMWN CUJIBbHOE fcor N< r > BO BCeM AgMana3oHe TeMmnepaTtyp
T/Te € (1.5,6.9)

o rg ~ s MOHOMONW LWIAPUKMN C XPOMOMArHUTHBIM N XPOMO3/1EKTPUYECKIM nonsmmn?

Q@ reor > rg Kak B3auMOAelcTBYIOT MoHOMONM (KONNEKTUBHbIE ABNeHNA?)

HekoTopble cBOWCTBA CUCTEMbI MOHOMOJEN CXOLHbI CO CBOWCTBAMU
KNILKOCTK
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Bouisogb!

@ Abenesbl MOHOMOIN HE SABJSIHOTCS PELLETOMHBIM apTediakToM
o [lposiBnstoT CBOWCTBA YacTuy, B MJasMe

@ OnpegeneHbl Macca MOHOMOJS, pa3Mep MOHOMOJIS,
XUMWYECKUI NOTEHLMaA, NapaMeTpbl B3aMMOLENCTBUSA
MOHomnonelh

Mownononun koHaeHcupytotes npn T = T,

Abenesbl MOHOMONN ABAAIOTCA ANOHAMM C G2, = qg

BzaumogeiicTene B cncteme MOHONOMEHA CUAbHOE

Cpegna monononeii nposinsieT ceoiictsa »xugkoctu (J.Liao, E.
Shuryak, Phys. Rev. Lett. 101, (2008))
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Bouisogb!

@ Abenesbl MOHOMOIN UMEKT XPOMOMAarHUTHbIN 3apsig

o BzaumogeiicTBue XxapakTepusyeTcs MarHUTHbIM 3apsAoM
a~1/g%(T)

@ [lpn TemnepaTtypax T < T, nosiensieTcss KOHAeHCAT
MOHOMNOJIEN NAWN NEPKONUPYIOLIMIA KNACTEP

o [yanbHocTb noneii tr(E2) = tr(H?) munnmMnsupyet neiictene

MNopTBEpXxpaeTcasn
MoAesib AyasibHOro CBEPXNPOBOAHUKA

AbGeneBbl MOHOMON KBA3UK/IACCUYECKME peLleHuns,
OTBETCTBEHHbIe 33 KOHaliHMeHT?

B.B. BparyTa



CNACNBO 3A BHUMAHWE!



	
	 
	 
	 
	 
	   
	  

	

