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Introduction
QCD-like theories

QCD-like
—-) A theory with dynamical mass generation

=== Confinement and asymptotic freedom
—) A positive fermion determinant

Lattice QCD

Functional Methods
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QCD-like
——) A theory with dynamical mass generation
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Minimal

s> Confinement and asymptotic freedom modification of QCD

===l A positive fermion determinant

Lattice QCD sign-preblem

Functional Methods Truncation

ﬁ Apply the truncation to physical QCD




QCD-like phase diagram

Phase diagrams of QCD-like theories
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Is the same truncation
sufficient to encode different

gauge groups ? Polyakov loop

Diquark condensate :

[S. Cotter et al. Phys.rev., vol. D87, pp. 034507, (2013)]

- [S. Hands et al. Eur.phys.j., vol. C48, pp. 193, (2006)]



QCD-like phase diagram

Phase diagrams of QCD-like theories
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Is the same truncation
sufficient to encode different

gauge groups ? Polyakov loop

» Study the quark propagator at finite T for QCD and QCD-like theories

Diquark condensate : [S. Cotter et al. Phys.rev., vol. D87, pp. 034507, (2013)]
- [S. Hands et al. Eur.phys.j., vol. C48, pp. 193, (2006)]
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Dyson-Schwinger Equation

Z = [d[®]Exp|-[S[®] + ®J| — W[®] = Log[Z] — I'[J]

Z : Partition function =& W : Connected Diagrams — [ :irreducible Diagrams

(50 = 1) =0

Equations of motion of a QFT

System to solve

___‘+__1:

o—

+ higher equations




The truncation and modeling
System to solve

Truncations are mandatory

We want a realistic temperature dependence of the gluon

-1 - —> — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ CP, ) © v, + B, ) + o v, pY DP, w,)

- ———- ﬁ—




The truncation and modeling
System to solve

Truncations are mandatory

We want a realistic temperature dependence of the gluon

-1 - — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ CP, ) © v, + B, ) + o v, pY DP, w,)

Do(p) = 7(Zx(p)P,y + Z1(p)P,yy)

=3 Spuriously divergent terms

Accessible on lattice



The truncation and modeling
System to solve

Truncations are mandatory

We want a realistic temperature dependence of the gluon

'1—> —> — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ CP, ) © v, + B, ) + o v, pY DP, w,)

—‘—)— - ——
Zr (%) = o (Gr=) "™ (25 In(x+1)) )

/ Coefficients are fitted to reproduce lattice data

[A. Maas, J.M Pawlowski, L. von Smekal, D. Spielmann (2012)]
[C.S. Fischer, A. Maas, J.A. Muller (2010)]




The truncation and modeling
System to solve

Truncations are mandatory

We want a realistic temperature dependence of the gluon

-1 - —> — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ CP, ) © v, + B, ) + o v, pY DP, w,)

Fq—gl(p - 9l>

24 tensors parts
Difficult to obtain from lattice
Lack of information of the temperature dependence
of this quantity from continuum studies




The truncation and modeling
System to solve

Truncations are mandatory

We want a realistic temperature dependence of the gluon

'1—> —> — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ CP, ) © v, + B, ) + o v, pY DP, w,)

e - -
A(p)+A(q) > C(p)+C(q)

I'yo(p,q,D) = vV, W(p,q J)

d 2 a( ) 20
W(p.g.l) = — : (O a ln(lz+1))

dr+12 TR
/ [C.S. Fischer (2009)]




The truncation and modeling
System to solve

Truncations are mandatory

We want a realistic temperature dependence of the gluon

'1—> —> — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ CP, ) © v, + B, ) + o v, pY DP, w,)

=

ZT,L( Pz)

bT,L(T) 0 a( )

(1 2)2 2+aT ,L(T) + p ln(P +1)

ég ; %/ q- gl(p y(,l) = ( A(p)+A(Q) _) C(p)-l_C(Q) )W( q l)

The system can be solved




Chiral condensate
Chiral Symmetry Breaking
S (B, ) = A, 0,) T + C(, 0n) 0y, + B, 0,) + 0,7, 7 D, )
AAT) = Zo(Zn)Ne T 2 | 55 THS B .on)]

chiral limit mb =0
are .

B (GeV) Chiral symmetry @

—>» B # 0, formation of a chiral condensate 0.81 Chiral symmetry broken -@-
Chiral symmetry broken 06l
0.4
0.2
—>» B =0, no chiral condensate 0.0}

hir / mm r SN s s s ! L ‘ ‘ ‘ | o
Chiral symmetry o - : . -
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order parameter




(Pseudo)-order parameter

Chiral Symmetry Breaking
-1 - — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ C(B, ) © v, + B, ) + v, pY DP, w,)

—

AXT) = Zy(ZN: T 2 [ S5 TS on)]

m > 0
are B (GeV) No dynamical mass generated -@-
0.8 Dynamical mass generated =@~
0.6
—>» B # 0, formation of a chiral condensate 04l
Chiral symmetry broken _
0.2t
0.0
Pseudo-order parameter 0.1 0.5 1 5 10
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D function

Chiral Symmetry Breaking
-1 - — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ C@, ) © v, + B, ) + o v, pY DP, w,)

—

AXT) = Z(ZIN: T 2 | S THS(B.0,)]

[BY 0n Y4, Y51 =0 D#0
Chiral symmetry broken

D=0atT=0

D power-law supressed in UV

D = 0 in Rainbow ladder

D small after the chiral restoration

We expect a small contribution of D




Dressed Polyakov loop

Quark confinement
-1 - — —> —> —> - —>
S (P, 0n) = AP, 0,) ¥ P+ C(B, ) © v, + B, ) + v, pY DP, w,)

—

Aci)(T) — Z2(Zm)Nc T Z f (;1;};))3 Tr[s(l_j)’mn(q)))]

0y(P) p
We introduce a phase dependence : o, =xT (Zn + %)

2
> =Je?dp AyT)
0

The dual quark condensate is proportional to the Polyakov Loop

[E. Bilgici, F. Bruckmann, C. Gattringer, and C. Hagen (2008)]
[C.S. Fischer (2009)]

Ay(T)
AJ‘E(O) 1 5 B

1.25¢

1 L
Deconfined quark -@-

Confined quark @~ 9791
0.5r

0.25F
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S (p, wo) = A(p, wo) ¥ p + C(P, wo) woYs + B(p, o) + g4 p ¥ D(p, wo)
B (GeV)
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Chiral Condensate and dual condensate

AA(T)
A0) |

Chiral condensate @~
Dual condensate @~

0.8

0.6

0.2:—

2(T)
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Chiral Condensate and dual condensate

ALT)
A+(0) Chiral condensate @~
L Dual condensate @~
0.8 )
] Chiral symmetry broken Chiral symmetry
0.6H- «restored»
0.4+
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Chiral Condensate and Dual condensate
EQ | Type of transition
o Chiral condensate @~
i% S, ;% Dual condensate @~
A(T) 'L >—0—@ o
An(o) B
0.8 _ 1st order transition
0.6
0.4
0.2}
| —
24(T) T

Aﬂ(())!-._l.—.._...|... T T
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Gauge group definition
Two Color QCD

> SU(2) for even number of degenerated quark flavors
possesses a positive quark determinant

=== Expected to be second order transition for the chiral condensate
(For the quenched system)

G2

® Subgroup of SO(7) which satisfies an additional cubic constraint

—) All representations are real, allow lattice simulation at « > 0

==y Centerless

Lattice simulations show a first order transition for confinement
[G. Cossu, M. D’Elia, A. Di Giacomo, B. Lucini, and C. Pica (2007)]
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Chiral condensate

AT)
A0) V6@
SU()-
1.0r G2 @-

0.6
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0.2k
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Contant Romain

QCD-like theories Excited QCD 7-13 Mai
Order parameters 17/30

Chiral condensate

AT)
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an Chiral condensate
0:4 1st order transition SU(3)~@p-
02| 2nd order transition SUQ2)-ll
080 om om  oss ieo 1.oﬁ 1st order transition G2 @-
AAT)
AO) 1.0
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0.6
0.4/
0.2}
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QCD-like theories
Order parameters

2(T)
A+0)

0.25;

0.05}

) 0.85

Dual condensate
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SU3)-@-
SUQ2)-Il-
G2 @-

T
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o) Dual condensate
» zZ
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Unquenching
Quark loop

19/30
® Systemtosolve: --- @ — - - —— -~ - _ __@662%%_

1 1
00000000 = 0000000000000 2 5
r N

o -~

/ 1 1

T o0 ‘QXXL 5 —3

AN / .

\ J ~ - + higher terms ...

® Approximation :

“DOCO0HEDO0000

1

=m@m+ N;

Quenched Input

[C.S Fischer, J. Luecker (2012)]

» Neglect all indirect quark contributions in the gluon dressing

» Remove spurious divergence with a generalized Brown-Pennington projector



Unquenching

Quark loop

® Adding the quark loop

-1 -1
m@=@%m + N

Qu

enched Input

[C.S Fischer, J. Luecker (2012)]

II(p)p’ p—:)—O) (m )2
th

Debye Screening
of the chromo-electric
charge

11 L(Pz)

1000 |

100|
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T=50MeV

T =141 MeV
T =195 MeV
T =249 MeV
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® Adding the quark loop

-1 -1
m@=@%m + N

Quenched Input

First computation made by :[C.S Fischer, J. Luecker (2012)]

Z, Z; — T=187 MeV
ot ' ——— T =228 MeV
[ i —— T =235MeV
1.5¢F Iii s
[ .
1.0 :
[ b
i [ ]
0.5¢
Vs oo
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
p (GeV) p (GeV)

Compared to : [R.Aouane, F. Burger E.-M. lligenfritz & al (2012)]



Order parameters

Chiral condensate

For 2 light flavors and a strange quark, comparison with lattice simulation is possible

First computation made by : [C.S Fischer, J. Luecker (2012)]

AAT)
A0) .
i This work -@-
0.8 Lattice 4
_ [S. Borsanyi, Z. Fodor, C. Hoelbling & al (2010)]
0.6
0.4r
0.2F
.. AT (GeV)

011 012 013 014 0.15 0.6 017 0.18

We can find a set of parameters which reproduce lattice results



Unquenching

Order parameters

AT)
A0)

1.0

Chiral condensate
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Ic
Chiral «restoration» (MeV)

guenched 2 flavors
SU(3) 277 202
SU(2) 303 229
G2 255 163

0.8
SU3)-9-
0.6f  SUQE
i G2 @-
0.4}
0.2t
I_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 T
0.6 0.7 0.8 0.9 1.0 11 T,



Order parameters

Dual condensate .
C

Chiral «restoration» (MeV)

iﬁ)i guenched 2 flavors
_ SU(@3) 277 202
0.14F} SU(2) 303 229
[ 2 2955 163
0.12F
0-10;‘ 2323; «Deconfinement» (MeV)
0.08L G, -@- guenched 2 flavors
[ SU(3) 277 212
006} SU(2) 303 233
0.04F G2 255 164
0.02F
0.6 0.7 0.8 0.9 1.0 1.1 L.

The confinement/deconfinement transitions and chiral transitions
occur approximatively at the same temperatures
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200

—-—==- Chiral crossover
—— Chuiral 1st order

501 ® CEP N
—— Deconfinement
0 . | . | . |
0 100 200 300

1 [Mev]

CEP : (171, 154) MeV
[C.S Fischer, J. Luecker (2012)]



Unquenching
Finite p

200
150
>
S
: 100
---- Chiral crossover
—— Chiral 1st order
50 ® CEP
—— Deconfinement
0 ' ' ' '
0 100 200 300

1 [Mev]

CEP : (171, 154) MeV
[C.S Fischer, J. Luecker (2012)]
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Preliminary (G2
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The D dressing function can be neglected in this truncation at =0
The quenched results show the expected behavior

The truncation can be generalised for differents gauge-groups

@ Ansatz for the gluon dressing

Gz is good choice for an evaluation of the truncation effects in medium

* Parameter dependence of our quark-gluon vertex



The D dressing function can be neglected in this truncation at =0
The quenched results show the expected behavior

The truncation can be generalised for differents gauge-groups

G2 is good choice for an evaluation of the truncation effects in medium

* Parameter dependence of our quark-gluon vertex

An unquenching procedure is possible
The qualitative behaviour of the order parameters is respected

The qualitative behaviour remains the same for differents quark-gluon vertex parameters

The (pseudo)-critical temperature for chiral and deconfinement are close to each other

* The (pseudo)-critical temperature depends on the quark-gluon vertex parameters



The D dressing function can be neglected in this truncation at =0
The quenched results show the expected behavior

The truncation can be generalised for differents gauge-groups

G2 is good choice for an evaluation of the truncation effects in medium

* Parameter dependence of our quark-gluon vertex

An unquenching procedure is possible

The qualitative behaviour of the order parameters is respected

* The (pseudo)-critical temperature depend on the quark-gluon vertex parameters
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