Hamiltonian approach to QCD at finite T
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non-perturbative continuum approaches

® Dyson-Schwinger equations
® |andau(+Coulomb)gauge

® FRG flow equations

® |andau gauge

® Variational approaches

® Covariant : Landau gauge

® Hamiltonian: Coulomb gauge




Hamiltonian approach to
finite temperature QFT
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® partition function

Z(L)=Trexp(-LH) T=1L"

® necessitates approximation to density operator

1 ) 7/
Nuclei Net Baryon Density

exp(—LH )

® common: quasiparticle approximation(Wick's theorem)

>alternative Hamiltonian approach to finite temperature QFT:

compactification of a spatial dimension

H. R. Phys.Rev.D94(2016)045016




Outline

introduction

Hamiltonian approach at finite temperature by
compactification of a spatial dimension

basics of the Hamiltonian approach to QCD
in Coulomb gauge (T=0)

® Yang-Mills theory

® quark sector
QCD at finite T

® quark condensate

® Polyakov loop

conclusions & outlook




Finite temperature QFT

Z(L)=Trexp(—LH)= JD(A,I//)eXp[— [ax*[axL, (A,l//)}

® compactification of (Euclidean) time
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w(x"=L/2)=—y(x"=-L/2) Fermi fields




Finite temperature QFT
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Finite temperature QFT

Z(L)=Trexp(~LH) = J-D(A,l//)exp{— Jax*| d3xLE(A,1//)} T ="
bc 0
® compactification of (Euclidean) time
® bc: AG°=L/2)= AG°=-L/2) Bose ficlds L 0 ) S (L)xR’

w(x"=L/2)=—y(x"=-L/2) Fermi fields
[ — oo
® exploit the O(4)-invariance of the
Euclidean Lagrange density to rotate 1 . 1 . 1 .
the time axis onto a spatial axis X —X A —A Y =7

= xt A=A Yy

® compactification of one spatial dimension

e b A(x’>=L/2)= A(x’=-L/2) Bose fields L () )
C.
w(x’=L/2)=—w(x’=-L/2) Fermi fields
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Finite temperature QFT

Z(L)=Trexp(-LH) = J.D(A,I//)exp[— | dxojd3xLE(A,l//)} T ="
bc 0
compactification of (Euclidean) time
® bc AG"=L/2)= AG"=-L/2) Bose fields L O ) S'(L)xR’

w(x"=L/2)=-y(x"=-L/2) Fermi fields
[ — o0
exploit the O(4)-invariance of the

0 3 0 3 0 3
X =X A" —>A —
Euclidean Lagrange density to rotate Y Y

. ] . : 1 0 1 0 1 0
the time axis onto a spatial axis X —X A —>A Y =Y
compactification of one spatial dimension |

e b A(x’>=L/2)= A(x’=-L/2) Bose fields L () )

c:

w(x’=L/2)=—y(x’=-L/2) Fermi fields
canonical quantization on the spatial manifold R* x S'(L) [ = oo

Z(L)= %112 Trexp(—lH(L))= %HEZ exp(—IE (L)) = %ng exp(—IlE,(L))

® temperature is now encoded in a ,,spatial “dimension while
,,time* has infinite extension independent of the temperature




Hamiltonian approach to finite temperature QFT

® partition function H. R. Phys.Rev.D94(2016)045016

Z(L)= %im Trexp(—lH(L))= %im exp(—IE,(L)) |
thermodynamics of a relativistic QFT is completely given

given by its vacuum state on the spatial manifold R* x S'(L) [

® ground state energy on R* X S'(L) E,(L)=1"Le(L)




Hamiltonian approach to finite temperature QFT

® partition function H. R. Phys.Rev.D94(2016)045016

Z(L)= %112 Trexp(—lH(L))= %IIE exp(—IE, (L))

thermodynamics of a relativistic QFT is completely given
given by its vacuum state on the spatial manifold R* x S'(L) [

e ground state energy on R*xS'(L) Ey(L)=1"Le(L)

® Dpressure: P=-0[Ve(L)]/oV V=D
® cenergy density: | €=09[Le(L)]/dL—pude/du

® Dirac fermions with finite chemical potential

h=0-p+m— h+iuc’




Hamiltonian approach on R*xS'(L)

3 )
R [&pr(p)
R*xS'(L) [&ptp)=[dp 23 f(ho,)  O(3)-broken
Matsubara frequency: ®, =22 bosons n,=0
w, =2V%  fermions n, =1
k=00 ‘ n=oco
Poisson resummation: LY = S(x—27mn)
k=—oc0 n=-—oo

[0 (B) =] d*p, dp.f (5...p) 3. ()" explikLp;)

f=—co

vacuuun (T=0): k=0 termwv




Relativistic Bose gas
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® grand canonical ensemble 7 =L
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Relativistic Bose gas

. -1
® grand canonical ensemble 7 =L

2

1
P=3[dptn(p)  n(p)=—pr—  o(p)={p*+m’

w(p)
® energy density on R?xS'(L) P=—e(L)
| l N 2 2 2 _@
(L= [dp. - Y ym' +pi+o] 0=

n=—oo




Relativistic Bose gas

e grand canonical ensemble 7 =L"'

2

_2(3,. P —
P= 3jd Pw(p)”(P) n(p) SO0 _ 1

® energy density on R2xS'(L)

o(p)=+/p”+m’

1 I <
(L= [dp - Y ym’ +pi+o]  ©,==-

n=—oo

JA=—' tim j dTexp(-TA)

1/A?

® proper-time regularization T L) A




Relativistic Bose gas

e grand canonical ensemble 7 =L"'

2

-2 3 P — 1 — 2 2
P=3[d'posn(p)  n(p)=mmrmy @(p)=\p 4m

® energy density on R2xS'(L)

1 I <
(L= [dp - Y ym’ +pi+o]  ©,==-

n=—oo

|
® proper-time regularization VA = ya }g{lol/‘[szGXp(—rA)

k:oo n=oo

® Poisson resummation L) =) §(x—27n)

k:—oo n=—oo




Relativistic Bose gas

e grand canonical ensemble 7 =L"'

2

-2 3 P — 1 — 2 2
P=3[d'posn(p)  n(p)=mmrmy @(p)=\p 4m

® energy density on R2xS'(L)

1 I <
(L= [dp - Y ym’ +pi+o]  ©,==-

n=—oo

|
® proper-time regularization VA = ya }g{{l/‘LdTeXp(—rA)

k:oo n=oo

® Poisson resummation L) =) §(x—27n)

k:—oo n=—oo

1 &(mY
P=—e(L)= o 2 (n_L) K, (nLm) modified Bessel function
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Relativistic Bose gas

grand canonical ensemble 7 =L
3 1 2 2
=3[a’p (p)n<p> MP)=—m— @(p)=yp’+m

energy density on R*xS'(L)

2
e(L)— J.dsz_ 2\/,/” +pJ_+(U a)n:%
® proper-time regularization VA = T 1)121301/{26” exp(—TA)
® Poisson resummation L 2 o — 2 5(x—27n)
k=—c0 n=—oo

1 & (mY
P=—e(L)= 7 m(ﬁ) K_,(nLm) modified Bessel function

® massles bosons: m=0 ,
g(j-) T4 — n_T4
T 90

Stephan — Boltzmann — law P=




massive bosons

p’ 1
0(») n(p) n(p)= o]

P:%J.d3p

P=—e(L)=-

w(p)=+p’+m’

1 & (mY
Py 2 (n_Lj K ,(nLm)
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pressure of a massive relativistic Bose gas

e(L):%szpL%i\/mz+pi+a)j a)nzzﬂ L () ) SI(L)XR3

L
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-proper-time regularization 1 _
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0.7 |
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terms are sufficient to 0'1 / Nl —
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Relativistic Fermi gas

® grand canonical ensemble 1 =L

3 1 2 2
P=3]d'p- (n PH(p)  nP)=mmmy @@)=Ap +m

® energy denS|ty on R*xS'(L)

2n+1
T

e(L)——2Jd2pL Z\/m +p (@ +in)Y @ =

n_—oo

® proper-time
® Poisson resummation

P=—e(L)=——; Z cos[nL(Z- l,u)]( L] K_,(nLm)

Nn=—oo

® massles Dirac fermions: m=0

cos(nx)

® analytic continuation for ip— x Z( )"

n=1
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QCD at finite T

Hamiltonian approach in Coulomb gauge on the partially
compactified spatial manifold R? x §'(1)
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finite temperature is fully encoded in the vacuum

variational solution of the Schrodinger equation for the vacuum

chiral phase transition
M.Quandt, E.Ebadati, #.R. & P.Vastag
>quark condensate arXiv:1806.04493

deconfinement phase transition

>Polyakov loop H. R. & J. Heffner, PRD88

M.Quandt & #.R. to be published




Hamidlonioww approaciv to-YMT
inv Coulombgauge 0A =0

H :%J(J‘IH]HJrBz)JrHC M=5/i5A
Christ and Lee

J(AY)= Det(—D9d)  D® =80+ gf A"

[ H, = %J'J‘lp](_Da)‘l(_az)(_Da)‘lp } Coulomb term

color charge density — p*=—f"ATI"+p;

(9]..Jw) = [ DAT(AW (A)..p(A)

Hy[A]=Ey[A]




Variational approach to YMT

B trial ansatz

1
- \/ Det(—Do)

lI’(A) exp[—%jdxdyA(X) A(y)]

(A()A())=( )"

variational kernel determined from

<‘P|H|\P>%min

H. Reinhardt Hamiltonian approach to QCD




gthIl energy D. Epple, H. R. & W.Schleifenbaum, PRD 75 (2007)

IR: o(k)~1/k UV : k) ~k

H. Reinhardt Hamiltonian approach to QCD




(=D3)")=d/(-A)

horizon condition

The Ghost Propagator

d(0)=0




m ohost propagator (-Ddy")=d/(-A)

(44

B dielectric ,,constant
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H.R. PRL101 (2008)
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H. Reinhardt Hamiltonian approach to QCD




no free color charges in the vacuum: confinement

H. Reinhardt Hamiltonian approach to QCD




m ohost propagator (-Ddy")=d/(-A)

(44

B dielectric ,,constant
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H.R. PRL101 (2008)
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B horizon condition:
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®QCD vacuum:

H. Reinhardt Hamiltonian approach to QCD




Gribov scenario & center vortex picture

10

d(p)

T

ghost form factor

sVR

SU(2)

p [GeV]

10

G. Burgio, M. Quandt,
H.R. & H.Vogt,
Phys. Rev.D92(2015)

*elimination of center vortices: IR enhancement disappears

horizown condition d~'(0)=0 1S lost




D(k) = Qa(k))” R e

O Mc p—>M2/p
Fit Gribov
Ham. appr.

(k)= [k +24

lattice: G. Burgio, M.Quandt , H.R., PRL102(2009)
continuum: D. Epple, H. R., W.Schleifenbaum, PRD 75 (2007)

H. Reinhardt Hamiltonian approach to QCD 14




Variational approach to YMT with
non-Gaussian wave functional

ly| A|[=exp(-S| 4])

S[4]=[od +L [y L+ L[y 4

H. Reinhardt Hamiltonian approach to QCD




lattice *
Gaussian functional - - - -
Non-Gaussian functional

H. Reinhardt Hamiltonian approach to QCD




YM Hoamidtoniowm inv  9A =0

H=3[( ' TUN+B)+H, T=5/i6A
Christ and Lee

J(A")= Det(—D9) D™ =680+ gf A"

[ H.=1 j J'pJ(=D9)"'(=9°)(=Dd) ' p } Coulomb term

color charge dewsitg pl =—f"ATI +qgt'g




YM Homilfonioww inv oA =0

H=%[( TUII+B)+H, T=6/i6A
Christ and Lee

J(A )= Det(—D9d) D" =686+ gf" A

[ H.=1 j J'pJ(=D9)"'(=9°)(=Dd) ' p } Coulomb term

color charge olewsitg pl =—f"ATI +qgt'g

statie quark potential

[ Ve(E-3) = (% (D) (=0°)=Dd)"!|5)) ]




[ Non-Abeliaw Couloml- pofe/nﬁ,al/}

Ve(%,5)=(¥[(=D9d) " (=9")(=D3)"'|y)

16 T T T | T

14 D. Epple, H. Reinhardt
2L i W.Schleifenbaum,
PRD 75 (2007)

10 n

8 B —

Al 1 V(it)=—— ~1/t

4 B ””’ -

2 [ |

° V-V, — V T)= —H G T

2 I ! | Li(r:z)aroﬁt ------ ( ) —o0 cho
0 5 10 15 20 o5 30

r

lattice: 6. =2..40,,  strictrelation o <O, D. Zwanziger

G. Burgio, M. Quandt,
tial and not to GWtemporal H. R. & H. Vogt’

Phys.Rev.D92(2015)

O. 18 bound to O wipa




Coulomb potential at finite T

5 I I 1
T=0, 128x32° ——
T=1.5T, 16x32° < —

4 | T=30T,8x32% %

> 37
<))
S,
= 2t

1

0 # :

0 1 2 3 4 5 6

r[1/GeV]

G. Burgio, M. Quandt, H. R. & H. Vogt,
Phys.Rev.D92(2015)




The QCD Hamiltonian in Coulomb gauge

H,,=Hy, +H +H_

Q

gluonw paut

H,, =4[ (U + B*) M=-i6/8A  J(A*)= Det(~Dd)

quark port
H, = [¥'o[e(p+gA)+pm,]¥(x) &, Dirac matrices

Cowloml- termv
H. =3 [1'p(-D3)™(~9*)(~D3) ' Jp
color chawrge density

p* == A°TI® + W' (x)t" P (x)

H. Reinhardt




P. Vastag, H. R.

gquowk wowe functional Phys.Rev.D33(2016)
(A|@) =exp I:J‘LPTF(Sﬁ+VaX+Wﬁ&2)LP_ ]| 0)

s,v,w — variational kernels .3 — Dirac matrices




P. Vastag, H. R.
D. C '
quark wawve functional Phys. Rev. DO 3201 6)
(A|®@), = exp| [Wi(sp+vorA+wBoANY_ | 0)

s,v,w — variational kernels o, 3 — Dirac matrices

. Finger & Mandula
v=w =0: BCS—wave function Adler & Davis,

Alkofer & Amundsen

v#0,w=0: quark - gluon - coupling  Pak & Reinhardt,




quark wowe functional

(A|®@), = exp| [Wi(sp+vorA+wBoANY_ | 0)

s,v,w — variational kernels o, 3 — Dirac matrices

>calculate <Hecep> wp to 2 Loops

_|.

X
12100000000/ =

C

‘ m contributions from the
W + \_/ kinetic energy of the gluons




quark wowe functional

(A|®@), = exp| [Wi(sp+vorA+wBoANY_ | 0)

s,v,w — variational kernels o, 3 — Dirac matrices

>calculate <Hecep> wp to 2 Loops

> variation w.rt. S, V, W
vp.9)= f[s.0]  wp.g)=f,[5.0]

[ s(p)= f.ls,v,w; p] } gap equation
cancelation of all UV-deivergencies

D. Campagnari, Ebadati, H.R & Vastag, PRD94(2016)




cancellation of UV -divergencies
(A| (I)>q = epr"Pi(s +vor-A+wBo-A)Y_ ]|O>

divergent Loop contributions to the gap equation

> kRernel V

Cr
1672

¢2S(k) [—21\ +kn % (—% + 4P(k))]

> Rernel W

@Q@ 1(5;2 S (k) [2/\ + kln% (13—0 _ 4P(k:)>]

> Coulomb term V.

|
(@)
am‘Q
N
[N}
w
2
=
=
| >




P. Vastag, H. R.

D. Campagnari
quark wave functional Phys.Rev.D93(2016)

(A|D) =exp I:J‘PI(Sﬁ+V&X+Wﬁ&E)LP_ ]| 0)
s,v,w — variational kernels o ,[3 — Dirac matrices
numericol, calcudation

D. Campagnari , E. Ebadati, H.R. and P: Vastag,
arXiv:1608.06820,PRD94(2016)074027

opat: o) = [k M = 088Ge)

lattice: o _ =2.50 G. Burgio, M.Quandt , H.R.,
¢ PRL102(2009)

choose g to reproduce <§q> =(-235MeV) = go=2.1




vector formfactory v, w

vaw(ﬁl’ﬁZ) :

0.6

0.4

0.0

» <= COS{(ﬁlaﬁz)

p::|l_51|:|ﬁ2

1.0

0.2
0.1 W [1/GeV]

0.0




0.1 L

0.01 |

0.001 |

0.0001 i Coupling included

. Without coupling ——-- \

1le-05 : — e
0.01 0.1 1

p [GeV]

-quark-gluon coupling modifies only the
mid- and high-momentum regime

-low-momentum regime is dominated by
Coulomb term




EBERHARD KARLS

UNIVERSITAT
TUBINGEN

1
-
&
=,
p:::
0.
H. Reinhardt

effective quark mass

D.Campagniari, E.Ebadati, H. Reinhardt, P.Vastag, PRD 94 074027 (2016)

10 ¢
" Coupling included \N\tk
1 - Without coupling ———- W]
- Numerics =
Numerics g =0 =
1 1 1 1 1 1 1 1 L 1
0.1 1
p [GeV]

2
M(p)= pS(p)

1-8*(p)

Quark condensate
(79) = (—236Mev)’
g=21
Adler-Davis (g=0):
(7g) = (—185Mev)?
IR-mass:

M(0)=140MeV

> coupling to transversal gluons substantially

uncreases chiral symwetry breaking

Kolymbari 2018
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EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Covariant vs Constituent Quark Mass S,(p)=[&S(p)

»massive Dirac particle

—_

+ —m -
S py=p-m S(p=L1" Sp=Y2=" =[5

p —m 2F.

momentum dependent mass

S7(p)= pA(p*)-B(p*)  M(p*)=B(p*)/ A(p*)

1 ?ﬁ_M3(132)

. /°°d 1 M (pj +p?)
Z(p°) 2E; My(p?) = 20 P AR T ) P PR M 1 p?)

S;(p)=

= 1 1
d
/0 P A+ p2) p2 + p2 + M2(p2 + p?)

E,=\p*+M3(p*)
D. Campagnari & H. R, PRD97(2018)

H. Reinhardt Kolymbari 2018
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EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Covariant vs Constituent Quark Mass

08}
06¢

04t

0.2 ¢

O 1
0.001 0.01

100

M,(0) =5 M (0)

H. Reinhardt Kolymbari 2018

D. Campagnari & H. R,
PRD97(2018)

M(p) from DSE,
M. Huber
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suwmmoawy of T=0 calcudation

® Hamiltonian approach to QCD in Coulomb
gauge:
® decent discription of the IR properties
® confinement

® SB of chiral symmetry

® reasonable agreement with lattice data




QCD at finite T

Hamiltonian approach in Coulomb gauge on the partially
compactified spatial manifold R? x §'(1)

H. R. Phys.Rev.D94(2016)045016 s ||
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finite temperature is fully encoded in the vacuum

variational solution of the Schrodinger equation for the vacuum

chiral phase transition
M.Quandt, E.Ebadati, #.R. & P.Vastag
>quark condensate arXiv:1806.04493

deconfinement phase transition

>Polyakov loop H. R. & J. Heffner, PRD88

M.Quandt & #.R. to be published




The QCD Hamiltonian in Coulomb gauge:
Adler-Davis model

-neglect coupling of quawks to-the spatial gluons

-keep only IR part of the Coulomlb-potential

H,, = [&’xP'(x)ap¥(x) + 1 [ d*xd’yp(R) V. (X - 7)p(F)

8moc
Yelp) = P[4

colorv chawge density  p*(x)=Y (x)t*"¥(x)

wave functional  |®) =exp| [WIB ¥ | o)

H. Reinhardt




Adler-Davis model on R’ (T=0)

effective quawrk mass M(p)= 12_p 52((];—)-))
- Lo M) M(K)pk
MK)=C, [d’pV.(p—Fk)
gap equation Ja'pvecr VPP + M2 (p)

R’: O3)- symmetry : M (p) = M(\ﬁ\)

150 - o I I I—
o.=250
_ 100 —
2
(G9) = (—185Mev)?
50 — —
(9001 — IIIIIOI.IOI — IlIlI(!)l — IIIIlIl lIlIIl1|0 I

k / GeV




Adler-Davis model on R’xS'(L)

- M(p)— M (k)pk
VP + M2 (p)
R*xS'(L) [&pf(p)=[d’p, #2150,
Matsubara frequency: w,=%", bosons n,=0
w, =2 fermions n, =1

Poisson resummation:

_[d pf(p): jd p.ap;f(p,, p3)2( )knF exp(ikLp;)

k=—oo




Poisson resummed gap equation:
oscillating integrands

10—

R R A N A N S A S A B A AN AT A A B A B A A B A A A A A B A AN A A AN AN A

0 1 2 3 4
k/ GeV

5

10

TN N NN T U T U T A O A A A A A A B A A A A B B

0

1 2 3 4
k/GeV

FIG. 3: Full integrand of the momentum integral in the numerator of the gap equation (44) for a
temperature of 7" = 50 MeV and Poisson index m = 1 (left) and m = 10 (right).
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Convergence of alternating sums

T T T T T 0 J [T [T I T L L T [T [T I T
0= ] ;"-x'\‘-/\.‘vo~~aau~.~.~«~~o—-.¢.~~s.—o.«o~~.~ I
I ana TETLo SRR .
2 —
5 — 4
1 numerator i ]
=--« denominator i
- _
! [ B |
] ] N N e R O S A e S S N W
107‘— /"“‘_"‘u"‘i’ \ VALY VY e e S A —
o, 4
A . 7
Ji. { .\ ," \\ ; \s." .\.‘..'\.’r“rﬂ"‘.."'l.r"‘\.ﬂ"'-.-"‘..~“\.-"'-f‘\.-"'-."'-.-"-».-"’— -
FEERE i J
_\b +=-—~ numerator i
15 =] =--+ denominator
c o ! 5 v 5 oy oy ey oy by oy T PR N T NN SN N SR NN SR ST S N SR ST SR N S SR
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

upper sumation bound upper sumation bound

FIG. 5: Partial sums in the numerator and denominator of the gap equation (44), as a function of the
upper summation bound. The small horizontal bar on the right of the coordinate box indicates the value
for the infinite series predicted by the e-algorithm. The left panel is for 7' = 50 MeV, while the right panel

shows T = 150 MeV. In all cases, the external momentum was fixed to the preferred value k£ = 200 MeV
and & = 0.5.




Convergence history of the iteration method:
standard vs accelerated
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Effective quark mass
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FIG. 6: Left: Mass function M (k,&x) at T' = 80 MeV with the momentum k pointing in various directions
relative to the heat bath. Right: Mass function M (k, 1) for small temperatures compared to the 7" =0
limit.




Quark condensate
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Adler-Davis model on R’xS'(L)

-2. order transition ' BEAS
critical temperature: T, =0.13, o . :
lattice: o_.=2..40 el
c. =250 T, =92MeV S ]
=2
(gq)=(-185MeV )’ | T ST

FIG. 7: Chiral condensate as a function of the temperature, from both the Matsubara and Poisson
ormulation. The dashed line indicates a fit to the Poisson data from which the critical temperature is
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Coulomb potential at finite T
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Adler-Davis model

-2. order transition
critical temperature:

lattice : O, = 2..40
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FIG. 7: Chiral condensa

increases with T

canonical finite temperature Hamiltonian approach with
quasiparticle approx. to the density operator exp(-H/T):
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Quark condensate with T=0 solution
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solution

Quark condensate with T=0
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The Polyakov loop
in the Hamiltonian approach 4,=0
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canonical Hamiltonian approach to finite T:
Polyakov loop - nhot accessible

alternative Hamiltonian approach to finite T
with a compactified spatial dimension:
Polyakov loop - accessible
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The gluon effective potential SU(2)

variational calculation in Coulomb gauge
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The effective potential for SU(3)

SU(3)-algebra consists of 3 SU(2)-subalgebras
characterized by the 3 non-zero positive rooots
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The full effective potential for SU(3)

variational calculation in Coulomb gauge
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Polyakov loop potential for SU(3)
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critical temperature

lattice : T'® =312MeV T =284 MeV
this work : T'® =269 MeV TV =283MeV

FRG(Fister & Pawlowski): T:'® =230MeV T'® =275MeV

lattice: B. Lucini, M. Teper, U.Wenger, JHEPO | (2004)06 |




Effective potentiol of the Polyakov loop
invfull QCD

= ¢Hacn> o R” X S'Ln the presence of a constant background

field directed along the compactified dimension
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Effective potential of the Polyakov loop
invfull QCD

= ¢Hacn> o R” X S'Ln the presence of a constant background

field directed along the compactified dimension

X X

contributions from the
kinetic energy of the gluons




Effective potential of the Polyakov loop
invfull QCD

= ¢Hacn> o R” X S'Ln the presence of a constant background

field directed along the compactified dimension

contributions from the
kinetic energy of the gluons
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The Polyakov loop

Fermionen+Gluonen Ferrﬁionen+éluonen '
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*=no ghost loop

M. Quandt & H. Reinhardt, to be published
"no Coulomb term
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Conclusions

= Hamiltonian approach to QCD in Coulomb gauge at T=0

» decent description of the IR sector
» confinement
» chiral symmetry breaking

» satisfactory agreement with lattice

= QCD at finite temperature

» compactification of a spatial dimension S'(L) O t 4
\ 4
z N

» chiral phase transition R
» weak second order

= effective potential of the Polyakov loop
» deconfinement phase transition in YMT
= SU(2): 2.order
= SU(3): 1.order
» inclusion of quarks:
» deconfinement phase transition is turned into a crossover

» dual quark condensate

= outlook: -Polyakov loop with Coulomb term
. -finite chemical potential
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