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Particle-Field Interactions in a
Chiral Transport Model



Phase Diagram of Nuclear Matter
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The Lagrangian

The model: linear o-model with constituent quarks

L=F g0+ )] o % (0,000 + 8,70"7) — U (0, 7)

LN "

U(o, ) = T (02 + 72 — 1/2)2 + Uo(fyr, m2, 0)
Model Parameter
A2 =20 self coupling parameter
g ~3...6 Quark-sigma coupling
Up = mk/(4)?) —f2m2 Ground state
fr = 93MeV Pion Decay Constant
m,; = 138MeV Pion mass

2 =2 - m2/\? Field shift term
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The Lagrangian
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@* potential
spont. broken potential
expl. + spont. broken potential




The Lagrangian
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Model Implementation

Quarks: test particles in a vlasov equation
Fields: 3D+1 Klein-Gordon equations

p

% Erp)

-V — Vi E(t,r, p)Vp] f(t,r,p)+1(t)=0

(D)) = go(r) / a2 [ pE)(r+ ;)(r p)

0u0" o+ N (0® + 7 —12) o + g(y) — frm2 + 1(t) =0



Model Implementation

Field interactions:
via potential: 0 < 0, T T, 0 & T
mean-field coupling: (1))
Quark interactions:
elastic and binary collisions ) — )
elastic interaction with heat-bath
mean-field coupling: Vr\/m
Under implementation: Quark-Field interactions
elastic oy — o@p
production o — Y1)
anhilation Yy — o



Dynamic Evolution
_
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Dynamic Evolution
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Dynamic Evolution
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1 Loop Scalar Density
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Equilibration of a field
4|

The Problem: how to equilibrate a energy conserving

system?
Evolution of Quenched Initial Conditions
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Equilibration of a field

I —
Possibility: Couple field to a Langevin heat-bath!

0,0 o+ 20T gty =0
0,0 o+ 20T gty = () -

0 Gain: (£(t)?)
[ Dissipation: yo



Equilibration of a field
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Figure: M. Nahrgang, Phys.Lett. B711 (2012) 109-116



Particle-Field Scattering
I —

N t=0.000000
— E:0.0, P:0.0
05
3
S 00
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damping via ~ ¢
Problems:
[ continuous energy loss

[ how distribute energy to particles?



Equilibration of a field
4|

Next Possibility: 'scatter’ at Fourier modes

F (o(r,t)) — o(k, t)

0 sample P (o(k, t) — koo(k, t))
[0 calculate energy transfer

[ retransform...
Fi (6(k,t)) — &(r,t)



Equilibration of a field




Equilibration of a field
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Equilibration of a field




Particle-Field Scattering

How to scatter a particle on a field?

Classical particles:

1 point like position: §(Xp — X)

1 on shell momentum: g

[ particle-particle scattering well understood
Classical field:

1 spacial distribution ¢(X)

L

1 interaction-point?

] momentum?



Particle-Field Scattering

Conserved quantities for a non-linear Klein-Gordon equation:

E- /V E(%)dS = /V [;q'ﬁ%;(%)%vw)] d%

p— /V P(%)dx = /V PV bdx

Ai- /V [ ( P+ (Vo + (¢)<i>)+t¢%} o5

if V(¢) is positive defined: E > P



Particle-Field Scattering

Idea: Break problem into two parts:

stochastic model for interaction between fields and particles:
P (AE, Ap, dt)

mathematical framework for moment/energy transfer:
non-continuous in time
spacial constrained
defined momentum and energy change



Particle-Field Scattering

Energy / Momentum Remapping B
find a new ¢¢(r) which satisfies AE and AP:




Test Scenarios

Different test apporaches to mimic known systems:
scalar oscillator with discrete damping
scalar Oscialltor with Langevin
1D harmonic field with Langevin
3D Energy / Momentum change



Harmonic Oscillator

Test Case 1: Damped Classical Harmonic Oscillator

9?2 0
ﬁdt) + ’Yﬁdt) +¢(t) =0

Simulate dissipation by discrete, stochastic kicks d¢(t):

82
S 0(t) + 0(8) = 56(2)

Energy loss probability:

P(AE) =~-dt- N, with: AE:%



Harmonic Oscillator
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Langevin Simulation

Test Case 2: Harmonic oscillator with Langevin force

(1) + o(t) = —7o(t) + wE(t)
|2k T
e mdt

(x) is gaussian distributed with 0 = T

Expected properties:

thermal spectrum

1D case: field shows Brownian correlations



Scalar Langevin Simulation
|
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Figure: Scalar oscillator with Langevin force




1D Langevin Simulation
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Figure: 1D harmonic field with Langevin force
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1D Langevin Simulation
|

Simulation of a Langevin system
with discrete interactions

M + Data
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Figure: 1D harmonic field with Langevin force



3D Field Dynamics

Energy

o

Momentum

3D dynamics of o-field with discrete E / P gain and loss.
tr: |P] =3MeV, E = 10MeV
tar1: |P| = O0MeV, E = 5MeV



Next Steps
N I —

The next steps:

1 derive physical models for
O P(AE, Ap, o — o)
0 P(AE, Ap, ) — o)
O P(AE, Ap, o — )

[ investigate change of fluctuations at the phase transition



© »

Particle-Field Interactions in a
Chiral Transport Model



	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	0.100: 
	0.101: 
	0.102: 
	0.103: 
	0.104: 
	0.105: 
	0.106: 
	0.107: 
	0.108: 
	0.109: 
	0.110: 
	0.111: 
	0.112: 
	0.113: 
	0.114: 
	0.115: 
	0.116: 
	0.117: 
	0.118: 
	0.119: 
	0.120: 
	0.121: 
	0.122: 
	0.123: 
	0.124: 
	0.125: 
	0.126: 
	0.127: 
	0.128: 
	0.129: 
	0.130: 
	0.131: 
	0.132: 
	0.133: 
	0.134: 
	0.135: 
	0.136: 
	0.137: 
	0.138: 
	0.139: 
	0.140: 
	0.141: 
	0.142: 
	0.143: 
	0.144: 
	0.145: 
	0.146: 
	0.147: 
	0.148: 
	0.149: 
	0.150: 
	0.151: 
	0.152: 
	0.153: 
	0.154: 
	0.155: 
	0.156: 
	0.157: 
	0.158: 
	0.159: 
	anm0: 


