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¢ Dileptons in HIC

e GiBUU transport simulations for SIS18 energies

e Spectral functions from aFRG flows

e Vector and axial-vector spectral functions

e Effective hadronic theory for dense nuclear matter

e Summary and Outlook
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Photons and Dileptons in HIC N

CRC-TR 1

T. Galatyuk et al., Physik Journal 17 (2018) no. 10

* from all stages of the collision

® measure temperature in QGP,
lifetime of fireball...
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Dileptons at SIS18 Energies

JUSTUS-LIEBIG-

UNIVERSITAT
ﬁ GIESSEN

e simulate with GiBUU transport model

p +p, E=1.25 GeV

p +p, E=2.2 GeV

0. Buss, T. Gaitanos, K. Gallmeister et al.
(A. Larionov), Phys. Rept. 512 (2012) 1
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CRC-TR 21 Transport Simulations T SERsTAT

¢ Dileptons from GiBUU Data: HADES Collaboration,
Nature Physics 15 (2019) 1040

197Au + %7Au, E=1.23 A GeV 197 A0 + %7Au, E=1.23 A GeV

1 total, corr. 1
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A. Larionov, U. Mosel & L.v.S., Phys. Rev. C 102 (2020) 064913

% Bundesministerium
fiir Bildung
H F H F 18 May 2021 | Lorenz von Smekal | p. 5 I und Forschung




JUSTUS-LIEBIG-

1 UNIVERSITAT
CRC-TRm Dilepton Spectra Totestn
A. Drees, NPA 830 (2009) 435
£ ErTTTTTT T Ty dilepton rate (local thermal equilibrium):
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e some theory basics

[courtesy L. Holicki]
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- JUSTUS-LIEBIG- .
CRC-TR2m Spectral Functions ) SuvEEST

commutator of interacting fields: free fields

([o( 0)]) = / dm? p(m?) iA(z;m?)
Fourier transform: p(w,p) = /d433 e’ Z<[¢($)>¢(O)]>

spectral function: = p(w, p) = 2mi E(w)e(p2) P(p2>

p(p?) = (21> 3" 64 (p — ap) [(QSO)* , po >0
P

free fields (stable pion):

finite lifetime/width
plw) p(w)

A @ A @_»2,}/

Bundesministerium
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CRC-TR2m Spectral Functions ) SuvEEST

two-particle thresholds: discontinuity at cut of propagator:

p(w) D(p) = /Ooo dm” p(m2)

A @_}2y

1
p2_|_m2

“—— o >
- l ) Mz?
W = My W= Mg tmz
N 2 1
retarded, imaginary part: p(p*) = —— Im Dg(p) Euclidean space:
T
p2 >0

o0
Euclidean data: D(t,p=0) = / dm p(m?) exp{—mt}
0 (inverse Laplace, try e.g. MEM,
but ill-posed numerical problem)
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CRC-TR2m Functional RG (Flow) Equations {diss™
e compute effective (average) action: 1 ﬂmg
Ch. Wetterich, PLB 301 (1993) 90
regulator / ; ,5 :
<
kakrk [¢] @ — -fermnons
['[¢] 4 l_l‘([(p]. S[¢]
k—0 I = | k=A

l k-ok k I
IR uv
. uv
e flow of Landau free energy density: _4“ p
(quark-meson model, leading order derivative expansion) ‘J
2

'fa = >
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¢ include mixing with density fluctuations k. kamikado, T. Kunihiro, K. Morita, IR

A. Ohnishi, PTEP 2013 (2013) 053D01
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Euclidean Mass Parameters
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Flow of Euclidean
(curvature) masses

including
(axial-)vector mesons
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Ch. Jung & L.v.S., PRD 100 (2019) 116009
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Analytically Continued aFRG Flows P{ieER™

® quark-meson model, T =y =0:

po = —i(w +ig) (retarded)
1 R
p(wam - _;ImD (%ﬁ)
® forg—0:
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K. Kamikado, N. Strodthoff, L.v.S. &
J. Wambach, EPJC 74 (2014) 2806
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JUSTUS-LIEBIG-
CR:rm aFRG Flow at Finite Temperature PUEE™

¢ analytic continuation not unique:  Po {iz 1Po

exploit one-loop structure, 3-dim. regulators

e [ .
(D

1) Use periodicity in external energy po = n2n T:
f\

ng,rF(E + ipo) — ne.r(E)

2) Substitute py by continuous real frequency:

M7 (w) = — lim T (py = iw — ¢)
e fore — 0: \ j
Dy = _i(w n z'g) ~> Baym-Mermin physical b.c.’s satisfied
| 1 ImT @ E(w, p
plw.P) = ——Im D™ (w,p) =~ S :
:  (ReT® (w7 + (In L@, 7)

% Bundesministerium
fir Bildung
H F H F 18 May 2021 | Lorenz von Smekal | p.13 | und Forschung



- i} JUSTUS-LIEBIG-
CRC-TR2m In-Medium Spectral Functions ™

® quark-meson model:
pp=70

T =0MeV —— sigma
[GeV ] :
— pion
1000}
10}
—————
0.1
0.001}
10> : - - - ' w [MeV
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T — e

A. Tripolt, N. Strodthoff, L.v.S. & J. Wambach, PRD 89 (2014) 34010

% Bundesministerium
fir Bildung

H F H F 18 May 2021 | Lorenz von Smekal | p.14 und Forschung



JUSTUS-LIEBIG-

CRC-TR2m In-Medium Spectral Functions ™
® quark-meson model: % 20
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CRC-TR2n Finite Momenta ) SuvEEST

pion SF p(w, p) below T,

sigma meson SF p(w, p) above T,

200

Pl [MeV]

~> transport coefficients

A. Tripolt, L.v.S. & J. Wambach, PRD 90 (2014) 074031
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Fermionic SFs

CRC-TR
» aFRG for fermionic two-point functions 4 g 4 g
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A. Tripolt, J. Weyrich, L.v.S. & J. Wambach, PRD 98 (2018) 094002
A. Tripolt, D. Rischke, L.v.S. & J. Wambach, PRD 101 (2020) 094010
% Bundesministerium

fir Bildung
H F H F 18 May 2021 | Lorenz von Smekal | p.17

und Forschung



- JUSTUS-LIEBIG- .
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¢ extended linear-sigma model with quarks:

Ch. Jung, F. Rennecke, A. Tripolt, L.v.S. & J. Wambach, PRD95 (2017) 036020

¢ electromagnetic SF from gauging and mixing:

A. Tripolt, Ch. Jung, N. Tanji, L.v.S. & J. Wambach, NPA 982 (2019) 775

e include fluctuating (axial-)vectors in aFRG flows for SFs: «

Ch. Jung & L.v.S., PRD 100 (2019) 116009

¢ (axial-)vector SFs in hadronic effective theory for dense nuclear matter:

A. Tripolt, Ch. Jung, L.v.S. & J. Wambach, arXiv:2105.00861 [hep-ph]
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CRC-TR2n Fluctuating (Axial-) Vectors (T S LuERSITAT

e aFRG flows for p and ai at finite T and u:
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= - JUSTUS-LIEBIG- .
CRC-TR2m Fluctuating (Axial-)Vectors (T S UuERSITAT

e spectral representation of conserved current:

<Tcov ],u(x)]V(O» = — i/oods p(S) /(d4p e~ PT p2g’uy — PubPv

0 S 27)4 p? — s +ie
e current-field identity, transverse vector propagator:

Z p*Guy — pup
T,V — _j pe T Pplv
D,uu (p) m% p2 _ m% + ie +

e Euclidean two-point function, single-particle contribution:

2
m 2 02
FEL%/)T(Z?) — _—p40 (p2 + m%) (p25/w — pup,,) Mo k mv,k/Zk?

e (axial-)vectors from (anti-)selfdual field strengths:

1 m?

Lg — _Z tr (Qup,w/)adpm/ + ?U tr PuvPuv
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1 1 - UNIVERSITAT
CRC-TR2n Fluctuating (Axial-)Vectors Totestn
e (axial-)vectors from (anti-)selfdual field strengths: os =0 MoV
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CRC-TR2n Parity-Doublet Model UNIVERSITAT

¢ gauged linear-sigma model with N(939) and N*(1535) iso-doublets:

b= /d4$ {Nl (‘? — B0 + hsa(o + 07 %) + ho 1 (VT + P+ %'757_:' 51,#)) N
N (3= o+ o0 = 87 #°) + hua (T i = 017 @) Na 40,9 N17° Nz = N V2)

1 1 m?
+ Up(6%) — co + 5(1)“(;5)11)“@5 — 3 0P P+ =t p,wpu,,}

phase diagram oo(un,T) Euclidean mass parameters
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o [——
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20 o
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He MeV] J. Weyrich, N. Strodthoff & L.v.S., PRC 92 (2015) 015214

A. Tripolt, Ch. Jung, L.v.S. & J. Wambach, arXiv:2105.00861 [hep-ph]
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Parity-Doublet Model
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T

e mass parameters at finite T and u:
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CRC-TR2m (Axial-)Vector SFs in Dense NM  [pJusR™

e imaginary parts: T=33MeV, 1/5=924 MeV T=33MeV, pp=0924 MeV
JE— 0 TT+TT —— a+0-> 71T, a1 O+
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JUSTUS-LIEBIG-

CRC-TR2m (Axial-)Vector SFs in Dense NM  [pJusR™

e imaginary parts:

T=33MeV, ug=924 MeV
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CRC-TR2m Parity-Doublet MFT in GiBUU (T S UuERSITAT

e RMF mode: replace mean fields by those of PDM PDM parameters: M. Kim, S. Jeon, Y.-M. Kim,
Y. Kim, & C.-H. Lee, PRC 101 (2020) 064614
%Au + 19Au, E=1.23 A GeV Set 2 (K=215 MeV)
8 in-med. p o total, corr.
10_2 - preliminary | total

RMF PDM | p—e'e ===
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A. Larionov, U. Mosel & L.v.S., A. Larionov & L.v.S., in preparation

Phys. Rev. C 102 (2020) 064913
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CRC-TR2n Outlook
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e parity-doublet model with fluctuating w and p
symmetric nuclear and neutron matter

¢ p-a1 mixing and signatures of CEP in HIC
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e self-consistent spectral functions

O(4)-model, in preparation

e universal critical SFs from classical-statistical simulations
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Pxr

e Gaussian-state approximation, real-time FRG...
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Thank you for your attention!
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