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Motivations

A dynamical description of the QCD phase transition is
needed to have a complete physical picture and
understand phenomena in relativistic heavy ion collisions.

To understand the contribution of gluons to the buildup of
hadron collective flow and examine the coalescence
models used to explain the quark number scaling.

To study the viscous effect during the phase transition
and examine the Cooper-Frye prescription.

A further development of BAMPS towards a MultiPhase
transport model.
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Motivations

The very first step of the development
to be improved:
* No correlations

e Only from gluons to pions

« Simple EoS

advantages:

o Self-consistent

« Applicable for any hydrodynamic systems

Zhe Xu 4/29



Macroscopic volume change

EoS:
gluonic phase: MIT bag model

1
eq =3nyT,+B, P = §(eg —4B) =n,T, — B

pionic phase:

1
e; = 3Ing 1, P, = §en =Nyl

Gibbs condition for first-order phase transition:

Fp=FH=F Iy =T =T, Hg = Hr = Hc
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Macroscopic volume change

pions

gluons ,
- == attime t

volume element: V
volume of gluons: V,
volume of pions: V_

fg ZVQ/V

- i - = at time t+drt

volume element; V+dV

volume of gluons: V- dV, 7
volume of pions: V_+dV_

e ——————————————
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Macroscopic volume change

transition
‘ ‘ expansion
Internal
| i expansion

Zhe Xu 7/29



Macroscopic volume change

energy balance:

CdV, —(P+7t)f,dV —(P+it)(1 = f,)dV = efdV,

e+ P.+ 1, N N N
m | d, = Y av | Tty = feftg + (1 — fy) iy
g T

dissipation obtained from hydrodynamic equation:
De = —(e+P)V,U! 47"V ,Uy> = —(e+P+7)V, U,

= _ TV <uUp> 1dV _ v, U"
VU Vdr J
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Macroscopic volume change

note:

« The flow velocity and shear tensor are obtained from
transport calculations.

« The dynamical picture for the energy balance is
correct, since mathematically

e = fgeq + (1 — fyen

dfy dly
dr dtV
which agrees with the derivation before.

De — - dl{q,

e can be applied for transitions from pions to gluons.
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Macroscopic volume change

Latent heat from the bag pressure:
eldV, —(P.4Ry)f,dV —(PAft)(1— f,)dV = eSdV,
= BngT, + B)dV; —(ngT.—B + 7iy) fgdV —(P.+7t;)(1 — fy)dV

= 3ngT,dVy —(nT,+7,)fydV —(PAt,)(1 — f,)dV
+B(dV, + f,dV)
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Microscopic implementation scheme

Since

c s ey . Tmogrs
N dVe —ngdVy = dV

47
we consider the following microscopic processes:

gt+g<e T, gtge m+m+m

Because of the latent heat from the bag pressure,
n g+g— m+m, gtg-om+n+m
the total momentum and kinetic energy are NOT conserved,

but xngzipﬂ’ x> 1
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Microscopic implementation scheme

In back reactions

T+mT—>g+tg, T+m+mn—>g+yg

the total momentum and kinetic energy are conserved.
Pions should be those newly produced.

We combine back reactions to

gtg-n+n—->g +g°,
gtg-on+n+m->g +g,

gtg-on+n+mn-o>g +g +nm
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Microscopic implementation scheme

We have finally
gtrg—-m+m, g+g-—> T+TTT,

gt+tg—-9°tg9g, g+tg—- g +tg +nm

with the corresponding probabilities P2, P23, P22p, P23p-
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Microscopic implementation scheme

The number of gluons in the volume element V: Ny = ng fgV’

number of lost gluons in V during dr:

1 ) B r
5Ng(Ng — 1) (2Pas + 2P2) = nigdV .

number of gained pions in V during dt:

1. _ .
5*?\"9(3@ — 1) (3P23 + 2Py + PEBB) — 'T'*'*grfﬂ’aw

energy of gained pions in V during dr:
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Microscopic implementation scheme

number of gained gluons (g*) in V during dr:

| )
54\-’9(3-’9 — 1) (2Pa2p + 2Po3p) = Ny= .

energy of gained gluons (g*) in V during dr:
1

o 2 .
5*’\"9(3"9 — 1) (Pz% T 3P23b) 61.x

= 3NgTe + (ngTe +7g) fgdV .

eliminate the number of gained gluons (g*) :

| : . . VAR
@"“*’g(f\-’g — 1) [Pagp (6T — 61¢) + Pagp (41 e — 61¢))
— (”;TC -+ %g)fgdlr .
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Microscopic implementation scheme

5 unknowns P,,, P,3, P55y, Po3p, x, but 4 equations.

We set P,; = 0 and obtain

eC + Pp + Tm dr
Poo = v, -
2 e ) MV
Tm dr
Poar — v, -
23b (TIC fg)QTc I
e dVe+ (05T + 7or) (1 — fy)d
o Te(2n5dVy + ngdVy)
. __C'T(j_ _|_ ’I:Ir _|_ T — E %m d
Poop = (_ng g)fg £ ( 2) Vg(,?u_?-

3(nS fq)*Te(x — 1)
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Numerical results with comparisons

We simulate the transition from gluons to pions in a one
dimensional expansion with Bjorken boost invariance.

1
Ut = ; (t, 0,0, Z)

1 d I*’F 1 V <H [f'r v V < [flrrfj} 2 —l 1
S — — - —_ T = — _-?“r-_
Vidr 1 V.U 3T 3T

= We can analytically solve T, u., dV;, f;, n,e,s

and also the times of the begin and end of the
phase transition in each piece of expanding volume.

Comparisons with these values will prove our numerical
scheme.
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Numerical results with comparisons

Numerical extractions of the four-flow and energy-momentum

tensor 3 "
p\r#:/dppﬂf: ! ! i
(23“7)3 P’D I"?sh'ce j\rtegt ” p?
THY :/ dS'p p'upuf _ 1 1 ZP?{)?
(QW)S pD ‘[;?SHCE E\Ttest i P'E
flow velocity: ;. _ Ng + Nz
\/ (NY + N2)(Ngy + Noy)
densities: n; = N/'U,. ¢, = U, TI'"U,
Ng :-n,;,/fg. eqg = E:"g/fg—B,
ne =ng /(1= fg), exr=cr/(1— fg)
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Numerical results with comparisons

!
cqg — B €q Ex el

. T — — . 'T'. — — s
temperatures: g 3ng 3ny " 3ng  3nl
chemical potentials: .7 — % LEd _ ET?

| ncd’ @ 270

(A

Assuming 14/1y = px /T , we obtain

—1
dngS n_;_

entropy densities:
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Numerical results with comparisons

We consider, for simplicity,

gt+g—>g9g+4g, mT+m->nm+mn

with constant cross section and isotropic distribution of
the scattering angle.

. . 61
shear viscosity: 17; = —

l=g,T
i

n;/S; are constant and same during the phase transition.
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Numerical results with comparisons

BAMPS: Boltzmann Approach of MultiParton Scatterings

solves the semi-classical, relativistic Boltzmann equation
In the framework of pQCD by Monte Carlo simulations.

ZX and C. Greiner, PRC 71, 064901 (2005)

e ® o © ° % |l o ° ﬁl
= e %o .I.A.....[.. o <at+E_1 V> fl(xJpl)_C
1|. . .'E° .-..;:.._._...:;"_:,': —° 13" ° test particle representation of f
®o° 0® .oo’” .o. ° .. .
oloo® | ° .1... Fodlee |° o stochastic interpretation of the
o ":.':k' o | %90 % ] collision rates
[°) o @9 o 9o
° .' <) 0® e ° 0] At
°T"° e Ntest ngr
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Numerical results with comparisons

setups: S

Ty = 0.3 GeV N N

7o = 0.5 fm/c = \\M

o, = 16.5mb | ~ ]
analytical solutions: — ; e

T, = 0.2357 GeV AN

7. = 1.4979 fm/c 2 3 .

u./T. = —0.3735 < o e

Ng/Sy = 0.1045 i
numerical results: S sl

g 0%

T, = 0.2269 GeV = 02|

7. = 14412 fm/c 024}

:uC/TC = —0.224 D‘EE;' 06 08 10 12 14 :.:-1._.5

T]g/Sg = 0.1004 t [fm/c] 22/29



Numerical results with comparisons

Cross sections of the transition processes and the factor x
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Numerical results with comparisons

gluonic fraction
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Numerical results with comparisons

gluons

n [fm'a]

“E : |\ (b) gluons (e -B )
% 4 | pléns ( ezdgfdn )
g 3_ ........Eg_B
o [
2t
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Numerical results with comparisons
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Numerical results with comparisons

s [fm”]
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Numerical results with comparisons

n_ [fm™]
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(23]
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Nm = ngfg + ng(1 - fg)
em = egfg + ex(1 _fg)
Sm = ngg + s(1— fg)
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Summary and outlook

 establish a microscopic implementation scheme of
hadronization with first-order phase transition

« show the preliminary results and comparisons

Further studies:

* |imit of dissipation for the occurrence of QCD first-
order phase transition (suggested by Pengfel)

« add quarks and more hadron species
 buildup of elliptic flow during the phase transition

* viscous effect during the phase transition



Theoretical description

energy balance:

eldV, —(P.+Tty)f,dV —(Piig)(1— f,)dV = efdVj

er + P. + 1T,y

= | dVy =T AV |y = fyftg + (1 fy) i
g T

dissipation obtained from hydrodynamic equation:
De = —(e+P)V,U'4+7""'V . ,Uy)s = —(e+P+7)V ,U" |

WHHV{H (/er}
v, Uk

o~
—

I = —
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