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Abstract

In baryon-rich systems, spatial gradients in baryon chemical
potential g or net-baryon density np generate a diffusion
current Jp,

Jp =08 Vzu—; =D Ving. (1)

We compute the baryon diffusion constant D for a realistic
hadron resonance gas using the Boltzmann equation. Electric
fields E accelerate electric charges, such that a static electric
current J, develops,

Jx — O¢] E*. (2)

€

We compute the electric conductivity o for hot hadron res-
onance gases. Based on [1].

Motivation

Different motivations for calculating o, and D:

e Self-induction (Lenz effect) for decaying magnetic fields in
heavy-ion collisions: Large conductivity — slow decay of
magnetic fields.

e [ hermal dilepton rate is related to o

e Baryon diffusion constant D required for explanation of
baryon diffusion currents in baryon-rich experiments

e Hydro models will need D as input

e [ransport coefficients show extremum at phase transition

The method

We describe the evolution of the single particle distribution
function fi(x) of each species ¢ by the Boltzmann equation,

a i w a Nspeoes
ku@ fi + kyq F" " —fl = Z Cii(z" k"), (3)

In equilibrium, fék = exp(—utk,/T + qipg/T + Nipp/T).
Here, q; ()\;) is electric (baryon) charge. We now suddenly ...
...switch on an electric field: F'*" — 0F" = Efu” — EYut

..or apply a gradient in baryon chemical potential ,
SO fk f k+5fk /B We aim to solve for the linear response

5fk7€/B, which is from (3) of the form

Sfi. = B (q" K")E, or 6 fi. s = B"(¢", k") - (4)
The net charge diffusion currents then are
Nspeaes
Je = qu — QZ/dKéfke
Nspeoes

Jh=Ng' = X [ K S i gk

where we use the notation dK = d°k/ [(27?)3160}, and () is
the spatial projection. We want zero frequency transport co-

efficients, so ¢* = 0. Then B” ~ k", so we expand B”(k")
in a power series in energy,

By (k" fOkk Za By, (5)

where a!’) are expansion coefficients. Using (5) in (4) and (3),
we can solve for a!’) by inverting (fixing the Landau frame)

Nspecies

3

A6 ] ol = 8,

L[

n 7=1

where every matrix element is a collision integral.

Collisions

We use a linearized collision operator for elastic 2-to-2
collisions. This enables the use of s-dependent resonance
cross sections (instead of, e.g., simple relaxation times).
The linearized collision term can be written as,

Cij<xuv k') = /dK/deP,%J lg{’—>pp’f0 ka K/

<5f’ VO O 5fk,>
fO p foj’p/ fé,k f(L)y’k/

where Wi, = 503;(s, O)(2m)06W (kH 4 k' — pt — ')

and 7y;; =1 — 1/20;;. The total cross section oo ;;(s) is an
integral of the differential cross section o;;(s, ©). In principle,
any choice of differential elastic cross section is possible.

Hadron resonance gas

We study a hadronic gas with interactions among
aton 7 KT K-, K", K p,n,p,n. We use Breit-
Wigner shaped cross sections when available, otherwise ap-
prox. constant values. These values are similar to parametri-
sations used, e.g., in UrQMD or GiBUU. Error estimation by
scaling the constant cross sections by factor 2 and 1/2.

atlrm | KT K| KY K pin| p | n
7 10| p | p| 10| 10 [ K*|10|A|10| 10 | A
T 10| p | K*| 10 | 10 | K*|10/A| A | 10
! 5| K*| 10 |[K* | KX|A|A| A | A
K™ 10 | 10 | 10 150 | 6 |10| 20 | 10
K~ 10 | 50 | 10 {20101 6 | 10
K" 1050166 | 20 20
K" 10 81200 6 | 6
D 20120100/ 20
n 201 20 1100
D 10 | 10
n 10

Table 1: The cross sections we used among all species.
Numbers are in mb, p, K* and A denote Breit-Wigner
shaped cross sections with those resonances.

Results

In the following we compare the electric conductivity with dif-

ferent other calculations: BAMPS (pQCD, N, = 3) Ref. [2].
PHSD Ref. [3], DQPM Ref. [4]. Quenched continuum lattice
Ref. [5]. Unquenched lattice Ref. [6]. Non-conformal holo-
graphic model Ref. [7]. Chiral perturbation theory [8]. We
expect a minimum of oo /T at T.. First we consider a gas

with all species, but only constant cross sections:
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Figure 1: Using a constant isotropic cross section for all

11 species, we can extract effective cross sections of various
other models. Lattice [6] requires 110 mb, pQCD [2] 7.5 mb.
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Then we use a gas of m™, w—, 7, with resonance cross sec-

tions, as in Tab. 1.:
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Figure 2: Result for a pure pion gas including the p reso-
nance (red line). Chiral perturbation theory [8] is very similar.
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Using all species and cross sections from Tab. 1 our result
matches lattice QCD around 7. ~ 160 MeV:
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Figure 3: Full result with all 11 species from Tab. 1 (red line). Error-
bands correspond to variation of all constant cross-sections by a fac-
tor 2 and 1/2. Within errors, we agree very good with quenched con-
tinuum lattice [5]. Using a electro chemical potential 11, = 100 MeV
(blue line), the T dependence changes.

The first hadronic calculation of the baryon diffusion con-
stant, using all cross sections from Tab. 1. Again, a chemical
potential (up = 100 MeV) changes the slope slightly. We
compare to holographic models Ref. [7, 9] and lattice, Ref. [6].
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Figure 4: Full result for baryon diffusion with all 11 species from
Tab. 1 (red line).

Conclusions

First kinetic calculation of the hadronic transport coefficients
electric conductivity and baryon diffusion constant, using re-
alistic scattering matrix elements. The coefficients drop for
higher T" and match lattice QCD results at around 7,.. We
show results for finite chemical potentials. The formalism can
be extended to more complicated cross sections.

Outlook: What is the interplay of various chemical potentials

(1tq, 1B, 1ts) for these coefficients ?
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