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Dileptons from hot and dense QCD matter

CRC-TR 2n
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What is FRG? N

» Functional Renormalization Group

» If you do NOT like equations:

FRG is a machine which takes a Lagrange density and returns a phase diagram and
Spectral Functions

» If you do like equations:

FRG approaches aim to solve the Wetterich equation for the effective average action
and its functional derivatives to obtain an effective potential and n-point-Functions,
dealing with thermal and quantum fluctuations consistently
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Wetterich equation cnc‘qﬁ

» Wetterich, Phys.Lett.B 301 (1993) 90-94

» Describes change of effective average
action with scale k

» Simple one loop structure, but:
= Full propagators in the loops
= Exact equation!

R. A. Tripolt, PhD thesis, 2015
= Non-perturbative!

» Regulators cut off fluctuations below
renormalization scale k
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doublet model: Bare action I' CRC-TR

» Modelincludes «t, g, p, a;, N, N*(1535)

» Obeys chiral symmetry
» Has a mass term thanks to ,,Mirror Baryon Prescription®

Fk = /d4$ {Nl (tﬁ — B0 + hsjl((f -+ T - 7?’}’5) + hvzl("}f‘u‘?_} . ﬁp; + ’}’p’}’S‘?—:' (-1.'1#)) Nl
T .= = h [ — 5= = T 5 T 5
+ No (@ — pyo + hsa2(o —i7 - 7Y°) + ho 2(VuT - P — VYT - @1.p) N2 +fno.n (N17° N2 — Ny’ Np)
2

1 1 m;

mo,N hsa hs.2 fr=00]| max Mo my, | mn,
MeV] = hy1 = hyo MeV] | [MeV] | [MeV] | [MeV] | [MeV]
474 938 1533

300 6.94073 | 13.3493 92.8 137
Tripolt et al., Phys.Rev.D 104 (2021) 5, 054005

Zakopane, Poland | Sept. 19th, 2023

Momentum dependence of FRG spectral function

Maximilian Wiest | BO4



Effective potential cRc‘-T%

» Insert bare action I'y into Wetterich () U b v
0
equation, get flow equation for Uy, ‘A A
» Potential has a minimum somewhere in k
field configuration at k=0. —)>

» Position of minimum shows breaking of
underlying symmetries

= QOrder parameter!
Lancaster, Blundell,

' I
" Phase diagram! QFT for gifted amateur
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Phase diagram in parity doublet model CRC-TR
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Conseguences of mirror prescription CRC‘.T%

» Remember: — —
mo,N(Nﬂ/SNz — N2V5N1)

» In mirror prescription, chiral symmetry breaking explains part of baryon mass
generation, but not full picture

» Instead, additional mass generated by different source
= E.g. QCD scale anomaly, see e.g. Shifman et al., Phys.Lett.B 78 (1978) 443-446

» Possible experimental signals for mirror prescription?

= Hadronic signals (n-meson enhancement)? Larionov, v. Smekal, Phys.Rev.C 105 (2022)

» Other signals?
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Prescription shows up in o spectral function! CRC‘.T%

» Functional derivatives of I, w.r.t. fields give n-point functions

» Mirror prescription gives rise to low energy peak in p '@ function due to
p+N =N,
= Unique to parity doublet model with mirror prescription!

Tripolt et al., Phys.Rev.D 104 (2021) 5, 054005
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T _ _ 2
Example: T=40 & up=890, p=0 MeV, Im I/ CRC‘.T%
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Prescription shows up in o spectral function! CRC‘.T%

» Functional derivatives of I, w.r.t. fields give n-point functions

» Mirror prescription gives rise to low energy peak in p '@ function due to
p+N =N,
= Unique to parity doublet model with mirror prescription!

» Also manifests in spectral function!
ImTy”

(Re rffz))2 + (Im rgz))z

[,

p

Tripolt et al., Phys.Rev.D 104 (2021) 5, 054005
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Spectral function to dilepton spectra CRC‘J%

» Important equation for extraction of thermal dilepton spectra

2
dNy, AEm

d*xd*q T T a3M2

L(MZ)fBE (QOr T)ImHEM (M, q,Up, T)

» Vector Meson Dominance: Vector SF proportional to electromagnetic SF
» Peak translates from spectral function to dilepton spectra!
Takeaway: Dilepton yield dependson T, ug (pg), is obtained by integrating

over space-time and 4-momentum

MclLerran, Toimela, Phys. Rev. D 31 (1985), p. 545
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Mirror prescription in dilepton yield CRC-TR
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Mirror prescription in dilepton yield CRC-TR
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Example: T=40 & CRC-TR2
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Example: T=40 & =890, p=50 MeV CRC-TR21
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Example: T=40 & ur=890, p=100 MeV CRC-TR
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Example: T=40 & ur=890, p=150 MeV CRC-TR
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Example: T=40 & ur=890, p=200 MeV CRC-TR
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Example: T=40 &

=890, p=250 MeV
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Example: T=40 & =890, p=300 MeV CRC-TR2m
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Example: T=40 & =890, p=350 MeV CRC-TR2m
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Example: T=40 &

=400 MeV
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Example: T=40 &

=450 MeV
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Example: T=40 & =890, p=500 MeV CRC-TR2m
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Example: T=40 & =890, p=550 MeV CRC-TR2m
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Example: T=40 & =890, p=600 MeV CRC-TR2m
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Example: T=40 & =890, p=650 MeV CRC-TR2m
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Example: T=40 & =890, p=/00 MeV CRC-TR2m
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Example: T=40 & =890, p=/50 MeV CRC-TR2m
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Example: T=40 & =800 MeV CRC-TR2m
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Example: T=40 & =850 MeV CRC-TR2m
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Example: T=40 & =900 MeV CRC-TR2m
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Example: T=40 & =950 MeV CRC-TR2m
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Example: T=40 & =890, p=1000 MeV CRC-TR 21
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Example: T=40 & =890, p=1050 MeV CRC-TR 21
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CRC-TR2n
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CRC-TR2n
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Polarisation? CR:T%

» Polarisation of thermal virtual photons (in helicity frame) given by

1y = P1 — P

pPL TP .
> |

» Ag describes anisotropy of decay distribution

» Can give information about origin of thermal dileptons

Speranza et al., Phys.Lett.B 782 (2018) 395-400

. |
Seck et al., arXiv:2309.03183 Faccioli, Lourenco, Lect.Notes Phys. 1002 (2022)
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CRC-TR2n
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Polarisation: Comparison to Rapp-Wambach CRC-TR

This Work Rapp-Wambach
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Medium Effects: Transverse vs. Longitudinal CRC‘.T%

Transverse Longitudinal

L © I Y T

Vac
- - Vac Pions + Baryons

— Full Medium

Im G,/ GeV 2

S = N W B U N 9 0 O
. I

|
O = N W B O ON 9 0 O

R R .
0O 02 04 06 08 1 1.2 0O 02 04 06 08 1 1.2
M/ GeV M/ GeV

M. Urban, PhD-Thesis, 2001
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Summary and Outlook CRC‘.T%

» Dilepton invariant mass spectra could, at low momenta, provide
information on mirror baryon scenario

» Finite momentum modifies low energy limit strongly, increases dilepton
production

= Peak structure is washed out integrating over momenta

» Dilepton polarization could provide additional insights

= Provided the rich structure obtained in the PDM survives the inclusion of
additional effects

» More baryons, medium modifications of pions to be included!
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Spectral function CRC-TRm

» More precisely: An electromagnetic spectral function
= Even more precisely: A vector-meson spectral function
=  Which is equivalent up to a constant in the Vector Dominance Model

» Mainly two:

= Hadronic many body approach by Rapp
= FRG approach by Tripolt

T=0MeV, upg=0MeV

1.2
[ 1T | LA B B B R L L R | L ] — p
0.08 | Vacuum T 1.0t =]
I ] 1
3 3
s 0.06] — Vector Q.08
= I . c
= —— Axial—vector 2
= H S 0.6
= 0.04r 3
= I -
Q i g 0.4
0.02 o
L w 0-2 |
0.00 p—-r— P R R R SR R R 0.0 \”__-_""“—-.—_f—'
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Tripolt, Phys.Rev.D 104 (2021)

Rapp, Physics Letters B,Volume 731, 2014, Pages 103-109
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Guide to deriving the Wetterich Equation CRC‘.T%

» Legendre-Transform of log Z|[]] gives generating functional of 1-PI- (rD)
Diagrams
= effective action I’

= 1PI: Diagrams, which cannot be cut in 2 parts by cutting 1 line é

» Add a fictional mass term « m,chbz to Lagrangian

- f Dd) exp(—f d*x L[d) (x)] T ](x)qb(x)) Lancaster, Blundell,
Zi[J1 = | Dp exp(—[ d*x L[p(x)] + ] () p(x) + mip(x)?) QFT for gifted amateur

NOT 1-PI:

» Mass term m,zc often called ,Regulator® and written Ry, A O O
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Guide to deriving the Wetterich Equation CRC‘.T%

» Mass term cuts away fluctuations with momentum scale < k

» Define I3,

= Same as before, but averages action over Volume 1/k”3
= Call I3, effective AVERAGE action

» Find change 0, I3 with k

» Described by Wetterich equation
= follows from very little assumptions of form of R,

= Uses in (but not limited to) QCD, magnets, condensed matter, statistical
physics, critical phenomena
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Quick Rundown: CRC‘.T%

» Lines: (Euclidean) propagators
» Circles: Regulators o< 8(k? — g?)

» Trace to be taken over all internal degrees of freedom: Isospin space,
parity indices, fermion indices, Lorenz indices, internal momenta, etc.
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Parity in linear ¢ mode| cRc‘-T%

» Inclusion of parity partners in linear o model:

= 2 parity conserving ways:

,naive” prescription ,mirror“ prescription

(]
¢

(]
U ¥

W
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Consequences of prescriptions CRC‘J%

» In both cases, mass terms for single baryon species are not allowed

x Ly = m;

» However: In mirror case, mixing allows for mass term
Ly = m1 + P193)

» Chirally restored phase: Massless baryons vs. degenerate massive baryons

Weyrich et al., Phys.Rev.C 92 (2015) 1, 015214
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