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Ansatz

—1

T
QMF = *V Tr Iog ST + G;/CPX (QZ%(X) + ¢%’(X))
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Inhomogeneous chiral phases away from the chiral limit
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Quantum Chromodynamics
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Stability Analysis

- We start from a 2Pl effective action
[[S] =Trlog [S™"] — Tr[1—S;"'S] + ®2pi[S]
and we perturb the propagator (test-function)
S(x,y) = 5(x,y) + 85(x, )
- Same principle

[[S 4 05] = r©[65°) + r[ss] + r?es? + - - -
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Stability Analysis

- So zero-th order is
r® = —Triog[S] — Tr [1— 55 '3] + @ [5] = I[3]

- First order is zero, as it should

or = od
r0 =1r | %ss| =Tr | (57— 551 — 222
] =[5 557 )

- Second order is the leading order

or
r@ — lTr [ 0T 5555]

2! 056S
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Proofs of Principle

- Can this formalism reproduce the NJL stability analysis?
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- Can this formalism reproduce the NJL stability analysis?
Yes.
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Proofs of Principle

- Can this formalism reproduce the homogeneous chiral
phase transition?
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A Test Case: The Chiral Phase Transition

+ Rainbow-Ladder

Fl,(l?, q, [) = Z1,C Yv -

- Not dynamical symmetric gluon

035) = 5% (5.~ 52 0

- Watson Model
(22)" 87 _psp
g2 (Zy5)* w*

D(l) =
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A Test Case: The Chiral Phase Transition

- Chiral

5(k) = —iBA, — i(w + ip)74Cr
R2AZ + (w + ip)?Ch

\ - Chiral Broken

S = SL,,W + 5Shyeaks
- dm(R)
R2A2 + (w + ip)2C2
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Conditions on the test-function
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Conditions on the test-function

- Let's look at my stability condition (Q oc —TI)

QW [sm] :;f (45”7(’?)2 —12C¢ 23 om(k) om(k - Q)Q(q))
q

o\ AR d(k) d(k—aq)

- Can 6S (or, equivalently §m) be anything? No.
- It has to be a rapidly decreasing function.
- Another example: it has to abide by

sm(—w, R) = 6m(w, R)*

So the 3" is real. Otherwise Q®) could turn out complex.
- Also the imaginary part of the test-function has to be fixed
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The Test

- Ok, so after that you can chose dm(R)
- Choose a gaussian (for obvious resons?)

2

sm(R) = e~ 2

- What about L and whatever other parameters you put in
your test-function? Let's see!
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The Test
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The Test

- What if we didn’t know what the "real answer” was?
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The Test

- What if we didn’t know what the "real answer” was?

- Take an "Algebraic decaying function”

sm(R) = A (1 + fi) N

with N =2, 3, 4, ...
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The Test
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Inhomogeneous Tests
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- What do | define as "inhomogeneous”?

S(R1, Ry) = S(R)3(R1 — Ry) + 6S(R1, k)
- It's best to think of an inhom. perturbation to the self

energy 6x(kq, Ry) which we relate to the propagator as
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Inhomogeneous Tests

- What do | define as "inhomogeneous”?

S(kr, ko) = S(k1)3(k1 — ko) + 8S(k1, k2)

- It's best to think of an inhom. perturbation to the self
energy 6x(kq, Ry) which we relate to the propagator as

S(R1, Ry) = S(R1)OZ (R, R2)S(k2)

- It's nice if when d = Ry — ky = 0, | recover my previous
test-function...

sm(k)

6S(k,R) = = .
RZAZ + (w + ip)?Ch
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Inhomogeneous Tests T=100MeV
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Summary & Outlook

- Some preliminar results:

- No local fluctuations
- Beyond local, Watson model is too simplistic
- Gluons should be split. Preferably dynamic.

- Outlook:

- Go to lower temperatures
- Improve truncation

Thanks!
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Inhomogeneous Tests

- Test Functions?
(SS(W’], ,?170‘)27 i?Z)T — 7455(_(")27 k27 —Ww1, i?'l)’y[f

test function 1. 0X(k1, ky) = (igr(lff;) + 5(222&;)) F(R1 — Ry)
1 2

test function 2 6X(ky, ky) = (W) F(Ry — ky)
1 2
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Fluctuations and m, in QM

Inhomogeneous phases in the quark-meson model with vacuum fluctuations
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Dyson-Schwinger study of chiral density waves in QCD

D. Miiller®, M. Buballa®, J. Wambach®®
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YGSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany
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How about QCD

- You need an ansatz for the propagator that supports a
self-consistent solution of the Dyson-Schwinger Equations

ST (pp") = [ = i (wn +im) %C(p) = ip3y2E(P) — i LAWP)
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How about QCD?

- You need an ansatz for the propagator that supports a
self-consistent solution of the Dyson-Schwinger Equations

ST (pp") = [ = i (wn +im) %C(p) = ip3y2E(P) — i LAWP)

— i(wn + i) v574Cs5(p) — ip3y5y3Es5(P) — i'YSﬁLAS(D)]‘S (D - Pl)

# (86 = i (2.0") = e 6 (o) = i B (p.07) ) €575 (- ' 40)
+(B(p,p/)+/wF(p,p)+m|ﬂ} (p.0") + i B (p,p))@a(p-p'-o).

- Then you solve the DSE and, in theory, you must calculate
whether or not this solution is favoured!



A plot twist? Gross-

Revised Phase Diagram of the Gross-Neveu Model
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A plot twist? Gross-Neveu Model!

Tlog

Regulator dependence of
inhomogeneous phases in the
2+1-dimensional Gross-Neveu model

Michael Buballa®®, Lennart Kurth®, Marc Wagner®<, Marc Winstel®
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A plot twist? Gross-Neveu Model!

Regulator dependence of
inhomogeneous phases in the
2+1-dimensional Gross-Neveu model

Michael Buballa®®, Lennart Kurth®, Marc Wagner®<, Marc Winstel®
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A plot twist? Gross-Neveu Model!
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