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Effective Action

> universal tool:

effective action [¢]
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Functional RG Flow Equation

IR: kb — 0 * Uv: k- A

k

Ok = kokTk = = Tr 0;Rk(T'® + Ry)™

N —

(WEGNER&HOUGHTON'73; WETTERICH'93)
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Functional RG Flow Equation

1
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Functional RG Flow Equation

1

8t|_k = E Tr atRk(rf) - Rk)_1
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Functional RG Flow Equation
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Functional RG Flow Equation

1
o = 5T OiRk(M? + Ry) ™
> RG trajectory: Mko=T
A
uv
S
%
=
g
~|IR

Holger Gies QCD chiral phase boundary from RG flows



Functional RG Flow Equation

oflk =

> RG trajectory:

theory space
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RG Flow of the Chiral Sector

> effective action:
1)\,

Nk = > kK2 [(&azbb)z - (&a’Ywa)Z]

> RG flow

1 F
at)\a - 2)\0 - 477_‘_2/1( ) 2NC )\02 B

Ry
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RG Flow of the Chiral Sector

> effective action:

10, - _
e = %2 [(93pP)? — (DPy59°)?]
> RG flow
1
Othe = 2, — 4771_2/1(':) 2N, )2 B RG irrelevant :

RG relevant
>> "NJL phase"

Ry
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RG Flow of the Chiral Sector

> effective action:

Mk = iFFiUFjU . . +’(/_}(IZU¢+Z1QA)’¢
1 Ao _
52 [(D%P)2 — (PPs1p®)?]

> RG flow
Oy = 2Ag—41?/1(” 2N, )\,
B A VR
3 B3NS~ -8 & .
12872 12 N,
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RG Flow of the Chiral Sector

> effective action:

Z zZ £z T (i =
e = / 4FF;U/F;,LV L +’(/}(IZU¢+Z1QA)/¢

;ig [(%°) — (%150°)?]

> RG flow
Ohe = 2), —ﬁ/ V2N )2
1 e, Ne—1
AR
B 3 (FB) 3N02 _ 8 g4 '," \\“ }L
12872 12 N, ‘
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RG Flow of the Chiral Sector

> effective action:

Z T 5
r, = /{FﬁuFﬁu‘*" v+ (Zp P+ Z19A Y

1), 1 Ava :
t552 8P+ 557 [2(V-A)2% + (1/Ng)(V-A)]
1A, 1A
> RG flow
G 2
0o = 20 = 757 {2Ne A2 =20 0, — 2NAs dva — BAL A, |
7
1 ey N1 2
—@/171 3 N g\, —69°)\;
_ 3 (FB) 3N02 - 8 g4 (HG,JAECKEL,WETTERICH’'04)
12872 12 N,
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Chiral Criticality

= critical gauge coupling a,:

Y a=0
— fa>ag: N— o0
(xSB)
>N =3 =N:
aer ~0.85

(HG,JAECKEL'05)

— bosonization:
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Chiral Criticality at Finite Temperature

> quark modes:

’
m=m+@rT(n+ =)?
T=m; + (27 T( 2)) B

— T-dependent
critical coupling:

aer(T) 2 g ~ 0.85

(BRAUN,HG'05)
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Chiral Criticality at Finite Temperature

> quark modes:

2 1 2 1
m% = m? 4+ (2rT(n+ 2)) 55,

— T-dependent
critical coupling:

aer(T) 2 g ~ 0.85

(BRAUN,HG'05)

implications for low-energy QCD models:

Ainit = Xinit( T, 5 -+ +)
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RG Flow of Gluodynamics

> Operator expansion with the background-field method

(REUTER,WETTERICH'94; FREIRE,LITIM,PAWLOWSKI'00)

Mk[A] = /ddx Wi(F?), F?=F2F:

prt opv
Z W. W. W,
2 _ F 2 W2 oo WV 23 VW4 oo 4
> spectrally adjusted flow equation: (HG'02)

8,2,: 2 6;W2 ¥ 8tW3 2 8,W4 ¥ 81W5...

> running coupling:  ¢* = Z+' G

> 3 function: 09% = Bge
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Running Gauge Coupling

10 . i (HG'02)
one loop (T=0) (BRAUN,HG'05)
— 1 J
=
S ~T-300 MeV
0.1 } |

k [GeV]

> T = 0: IR fixed point a.
cf. vertex expansion in the Landau gauge

(V.SMEKAL,ALKOFER,HAUCK'97; FISCHER,ALKOFER’02; ZWANZIGER'02)
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Running Gauge Coupling

(HG'02)

10 .
one loop (T=0) (BRAUN,HG'05)

ok, T)

~T-300 MeV

0l.1 1
k [GeV]

> T/k — oo: strongly interacting 3D theory

k
o — =o3p, 03p — 03px ~ 2.7, n3p — 1

T

cf. Landau-gauge vertex expansion: (MAAS,WAMBACH,ALKOFER’05)
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Chiral Phase Transition

> alk, T) vs. ag(T/k)
oy at T=130 MeV o, at T=220 MeV
4t o, at T=130 MeV 4 @, at T=220 MeV
2 2
1 1
0.2 I~ 0s s 0.2 ‘ 0a ‘ 0.‘6
Ker k [GeV] k [GeV]
xSB triggered by as single input: as(m;) = 0.322
N¢ Ter Ter (lattice) (karschetal. 03)
2 | 172 MeV 175 + 8 MeV
3 | 148 MeV 155 + 8 MeV (BRAUN,HG'06)
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Chiral Phase Transition

> alk, T) vs. ag(T/k)

o, at T=130 MeV o, at T=220 MeV
4+ a, at T=130 MeV 4 a,, at T=220 MeV
2 2
1 1

0.2 | 0.4 0.6 0.2 0.4 0.6
ke Kk[GeV] k [GeV]

implications for low-energy QCD models:

Mind the glue!
OtM model = atrmodel(aa cee )
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Chiral Phase Boundary T — N;

180 r- 1 (BRAUN,HG'05,06)
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. . . 4
> small N;: fermionic screening, Bouark = %M %

> critical flavor number:
N~ 12

(CF. APPELQUIST ET AL."96; MIRANSKI, YAMAWAKI'96; HG,JAECKEL 05)
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Chiral Phase Boundary T — N;

180 r- 1 (BRAUN,HG'05,06)
160
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. . . 4
> small Ni: fermionic screening, Squark = %l\lf 2

> critical flavor number:

N ~12 Ter = Ter(Ni, my, . )

(CF. APPELQUIST ET AL."96; MIRANSKI,YAMAWAKI'96; HG,JAECKEL 05)
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Chiral Phase Boundary T — N;
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> fixed-point regime: critical exponent ©

Bge =~ —© (9% — g°)
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Chiral Phase Boundary T — N;

0.4

6, T=0

N = 8 T=0
0.3 Inf= 10, T=0
02}
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B(G)=nG
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G=a4/81

> fixed-point regime: critical exponent ©

Bge =~ —© (9% — g°)

o> shape of the phase boundary for N; ~ N7 (BRAUN,HG'05,06)

Tor ~ Ko [N — NE|TT,  © =~ —0.71
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Quark Mass Dependence

> NJL, quark-meson model:

p

> critical initial conditions
Ter(m) — Ter(0)

T (0)
for m < 10eV, m, < 200MeV

~0.3
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Quark Mass Dependence

> NJL, quark-meson model: > QCD RG flow (BRAUN'06)

B O\ a=0

A
o> critical initial conditions > gradual approach to criticality
Ter(m) — Ter(0) Ter(m) — Ter(0)
— L 7 ~03 — - ~0.0
Ter(0) Ter(0)
for m < 10eV, m, < 200MeV for m < 10eV, m, < 200MeV
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Quark Mass Dependence

> NJL, quark-meson model: > QCD RG flow (BRAUN'06)

B O\ a=0

A
o> critical initial conditions > gradual approach to criticality
Ter(m) — Ter(0) Ter(m) — Ter(0)
— L 7 ~03 — - ~0.0
Ter(0) Ter(0)
for m < 10eV, m, < 200MeV for m < 10eV, m, < 200MeV

> lattice gauge theory (asscrLaeruann peikerror)
Ter(m) — Ter(0)
Ter(0)
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~ 0.04



Conclusions

@ low-energy QCD models:

@ check relevant DoFs
e chiral phase boundary
o “first guide” to full QCD

@ functional methods — full QCD calculations
e RG <« critical phenomena

= finite pu

— Polyakov |00p (BRAUN,HG,PIRNER'05; BRAUN,HG,PAWLOWSKI'XX)
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