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Quantum Fluctuations with FRG
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Quantum Fluctuations with FRG

Matter part, effective models

2 flavor

_ ].
A9 L= / {Zq,kfl(%ﬁu — Yor)q + §Z¢,k(au¢)2
—I—hkcj(TOa—l—i%f-ﬁ)q—l—Vk(p) —ca} + -

2+1 flavor

Iy = / {ci[waﬂ —0(p +1ig940)|q + Ve (L, L)

+ tr(@uz . QMET) +1qhy - 259 + ﬁk(zv ET)} )



Baryon Number Fluctuations in 2+1 Flavor

2+1 flavor PQM:

1.2 . .
hotQCD _ . =
1 ——— | WB continuum limit | Iy = / {qhuau —Yo(p + ’Lng)}q + Vglue(L? L)
\\ log T
0.8 ) ' +t1(9,% - 9,21 +ighy, - X5q + Ur(Z ET)}
. | I : gng - Zis5q k\~, )
= .. 2+1 flavor S |
5 06f E N | scalar and pseudoscalar mesons 1n
oaf LPA ' the octet and singlet:
%1 S NG Y =T,(04 +img), a=0,1,...8
0 ' ' ' ! 25 = Ta(o-a + Z"Y57Ta> )
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e the effective potential

Rui Wen, Chuang Huang, WF, in preparation )
Uk(27 ET) — Uk(p17 /52) — Ckg — jLO-L — jSO-Sa
't Hooft determinant
P1 = tI‘(E ) ET) )

¢ = det(2) + det(Z71), L2
B = tr(E xt— —pl) ,

2
also see talk by Fabian
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, canonical partition function

The probability distribution:

Z(T,V,N)
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* grand canonical partition function



Net Baryon Number Probability Distribution

. . , , canonical partition function
The probability distribution: k/

Z(T,V,N)
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exp (5

* grand canonical partition function

1 27‘(‘ )
Z(T,V,N) = — / doe N Z(T,V,u = iT9),
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log, ,(P(N))

Net Baryon Number Probability Distribution

The probability distribution:

P(N;T,V,u) =

/ canonical partition function

Z(T,V,N)
Z(T,V,p)
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Why do we need to calculate
the probability distribution?



Net Baryon Number Probability Distribution

Why do we need to calculate
the probability distribution?

Sensitive to different dynamics,
especially the glue dynamics.

Input to transport simulations in
heavy 10n collisions

- Non-critical effects are easily
involved, such as the detector
acceptability cut, volume
fluctuations etc.

Related investigations are in
progress.
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Quantum Fluctuations beyond LPA
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Baryon number fluctuations beyond LPA
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Freeze-out line
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Correlating the skewness and kurtosis of
baryon number distributions
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Comparison with experimental measurements
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Silver Blaze Property and the Frequency Dependence

Frequency-dependent quark anomalous dimension:

(p) =— L P (i 5@ )
T 2y (0) ANGN Bl T\ ek

Insert this into the flow of effective potential, and perform the two-loop summation

p+q

P
O~ 1)
q \q/v P-4 \q/v

k4
~ 36072

One obtains

9 Vi (0) {12(5 o) (N2 = DBy (m2 )
+ B (Mgx)] = 5Ne (48fo<1>(m%,k)

1 _ _ —
+ g (A4 B | FFB o (M 2 1)

+ (N7 = DFFBp (m%‘,k’mi”“)p} ’



Two-loop Results
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From effective models to QCD

Summary on effective model
including mesonic fluctuations

Quantitative agreement with lattice
results below ~1.2 Tc

- No bump on the baryon number
kurtosis

Discrepancy observed at large
temperature or density because of

the UV cutoff effect

UV cutoff should be pushed up
higher, and glue quantum
fluctuations should be included
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From effective models to QCD

Summary on effective model
including mesonic fluctuations

Quantitative agreement with lattice
results below ~1.2 Tc

- No bump on the baryon number
kurtosis

Discrepancy observed at large
temperature or density because of

the UV cutoff effect

UV cutoff should be pushed up
higher, and glue quantum
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Come'back!
Effective model:

1

~Z4 1k (0u0)°

[y = / {Zq,k(i(vu@u — Yop)q + 5

—|—hkcj<T00—|—iy5f-7_T’)q+Vk(p) —ca} + -
Rebosonized QCD:

1
T} _/ {4ngng + Ze 1 (0,6%) D3P’ +

5(3 wAL)?

+ ZokG@(vuD)g — Mg [(GT°q)? — (75T q)?]

+ hy [qlinsT7 + T00)q) + %Z@k(wf 2 flavor

+ Vk (P) - CU} + AFglue



Flow Equations

Wetterich equation:
L (2) ~1
0T [®] = §STr{c’9tRk (TP (@] + Ry }

1 ; (2)
with £ = In(k/A) and ST (0] ) |

(Fl(f) [(I)])ij = 5, Fk[q)]ﬁ Fl(f) + Ry =P+ F

Vertex expansion:
1 . 1 -
Oy ==STr{0; In(P + F)} = §STr5’t InP

T2
1 ~ /1 1 ~ /1 2
3d optimized regulator:
7’ 1
Ry (q) = Zy 1iq - ’77“1;’(?) ,  with rp(z) = (ﬁ —1)O(1 — x)
7’ 1
Re1(q) = Zg 1q" rB(?) ,  with rp(x) = (5 —1)0(1 — x)



Feynman Diagrams
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Feynman Diagrams
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Feynman Diagrams

Yukawa coupling
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Feynman Diagrams

Quark gluon vertex +




Feynman Diagrams

Quark gluon vertex

A

Four-fermion coupling
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QCD Phase Transition with T
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Running of the Strong Coupling
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Yukawa coupling and Masses
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* Baryon number fluctuations and baryon number

probability ¢
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flavor effective models within the FRG approach.

* Better agreement with lattice simulations and experiments
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* We have also performed FRG QCD calculations at finite
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phase transitions have been

* Phase structure and thermodynamics investigated in the
FRG QCD approach are 1n progress.




summary and outlook

* Baryon number fluctuations and baryon number
probability distribution have been investigated in the 2 and
2+1 flavor effective models within the FRG approach.

* Better agreement with lattice simulations and experiments
1s observed with the improvement of the truncations.

* We have also performed FRG QCD calculations at finite
temperature. The QCD phase transitions have been
investigated.

* Phase structure and thermodynamics investigated in the
FRG QCD approach are 1n progress.

Thank you very much for your attentions!




