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Nuclear matter: Critical energy and

temperature in the transition between ( uark Gluon Plasma in

confined and deconfined phase

T > T.. colour charges are deconfined in Ultrarelativistic Heavy-lon collisions

a Quark Gluon Plasma
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© My >> Ageo Quark Gluon Plasma in
Ultrarelativistic Heavy-lon collisions

produced by pQCD process (out
of equilibrium)

s afl R & final detected
Relativistic HBGVY"ION Collisions particle distributions

made by Chun Shen Kinetic

freeze-out _

* mc,b >> TO

. . . Hadronization
negligible thermal production . Initial energy
density

* Tp<< Tep

Tiherm. = TQGP >> Tg,q

HQs experience the full QGP
evolution

r‘e-
Carry informations about initial |||br‘|

stages, more than light quarks namics_ viscous hYdf‘OdW‘flm'CS

___ free streaming

E—

collision evolution = -
t~0fm/c Tt~1fm/c t ~10 fm/c T ~ 101° fm/c




Relativistic Boltzmann transport for finite g

Bulk Evolution

PHO,f, o (X, 0) + M(X)BFM ()0, 5 (6,0) = Caa[fi]
— N - T~

Free-streaming Field interaction Collisionn = 0




Relativistic Boltzmann transport for finite g

Bulk Evolution

P*0ufq.q(x,p) + M(x)0; M ()0} fa.q (x,p) Coz[fi 6]
— — R/_/

Free-streaming Field interaction Collisionn # 0

Heavy quark evolution

p"oufo (x,p) = Clfg 1y fol

e Describes the evolution of the one body
distribution function f(x,p)

* [tis valid to study the evolution of both bulk and
Heavy quarks

* Possible to include f(x,p) out of equilibrium




Coalescence model

Statistical factor colour- Parton distribution Hadron Wigner
spin-isospin function function
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V = nir“t cosh(y,)

+ quenched minijets for u,d,s (pr > 3 GeV)




Coalescence model

Statistical factor colour- Parton distribution Hadron Wigner
spin-isospin function function
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Coalescence model

Statistical factor colour- Parton distribution Hadron Wigner
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Numerical implementation of coalescence integral

dNy,
d’pr

= IMm z B (i)Pq(i)5(2) (PT — Pitr — pjT)fM(xirxj; pirpj) Meson
L,j

dN,,

Zop = 9 Z P,(DP, (NP, 8P (pr — pir — Pjr — Prer) fu (Xi, X, Xie; D1y D D) Baryon

i#j%k
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Numerical implementation of coalescence integral

dNy,
d’pr

= IMm z B (i)Pq(i)5(2) (PT — Pitr — pjT)fM(xirxj; pirpj) Meson
L,j

dN,,

Zop = 9 z P,(DP, (NP, 8P (pr — pir — Pjr — Prer) fu (Xi, X, Xie; D1y D D) Baryon

i#j%k

Ey + E; S pre is independent of which

weights we use

12



AA @ RHIC & LHC

Wave function widths o,0f baryon and mesons are the same at RHIC and LHC

Data from: STAR Coll. PRL 113, 142301 (2014), ALICE Coll. JHEP 09 (2012) 112
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AA @ RHIC & LHC

Wave function widths o,0f baryon and mesons are the same at RHIC and LHC

Data from: STAR Coll. PRL 113, 142301 (2014), ALICE Coll. JHEP 09 (2012) 112
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Elliptic Flow: v,

Coordinate space: initial anisotropy EE—— Momentum space: final anisotropy

\"4 . . .
?2 mesure the efficiency in

converting the eccentricity
from coordinate to
momentum space

dN dN

dprdd de —[1 4+ 2v, cos(2¢p) + -+ ]
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Angular distribution
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Angular distribution
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Angular distribution
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Angular distribution
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Angular distribution
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Angular distribution
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Bethe-Salpeter approach to hadronization

The BS is a relativistic eq. which try to describe a bound system via a wave function called BS wave function. The
idea come from Feynman treatment of interaction, and it was then formalized by Gell Mann. The idea is the
following

Y(Xo, 32) = fK(ij la; X1, 51)’1[’(11: t1)d*xy

If we now add a weak potential U(x, t)we can expand the propagator

KV (2,1)= —.ifK.-_-,(Z, 3)U(3)K(3, 1)dr,



Bethe-Salpeter approach to hadronization

The BS is a relativistic eq. which try to describe a bound system via a wave function called BS wave function. The
idea come from Feynman treatment of interaction, and it was then formalized by Gell Mann. The idea is the
following

Y (Xo, t2) = fK(ij ba; X1, b)Y (X, 0)d@%X1
If we now add a weak potential U(x, t)we can expand the propagator
K (2, 1)= =i [ Ko, 3)UGIK(S, Dirs

Continuing the perturbation expansion, we can write

K2, 1)=K;(2,1)

i f K, (2, )AB)K (3, 1)drs

23




Bethe-Salpeter approach to hadronization

The BS is a relativistic eq. which try to describe a bound system via a wave function called BS wave function. The
idea come from Feynman treatment of interaction, and it was then formalized by Gell Mann. The idea is the
following

Y (Xo, t2) = fK(ij ba; X1, b)Y (X1, 81)d°X1
If we now add a weak potential U(x, t)we can expand the propagator
K (2, 1)= =i [ Ko, 3)UGIK(S, Dirs

In the case in which we consider two particles in interaction

K®(3,4;1,2)=—ie f f Koa(3, 5)Kop(4, 6)7567"

X 8(ts6) Koa(S, 1) Kop(6, 2)d7sd s,



Bethe-Salpeter approach to hadronization

In the case of two particles, we have to consider all the possible interactions

GeA(1,2; 34)= —iT w5, K (3,1 K1 0(4,2)
>< I‘GTF bgGr(l ,4)Gr(2,3)
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Bethe-Salpeter approach to hadronization

In the case of two particles we have to consider all the possible interactions >'""< GRAPH |

If we consider only the irreducible graphs 3N,

K™ (3,4; 1,2)=—£fffde5dedT7de oA

X K +4(3,5) K +(4,6)G™ (5,6 ; 7,8)
X K+a(7:1)K+b(8:2)

26



Bethe-Salpeter approach to hadronization

In the case of two particles, we must consider all the possible interactions >'""< GRAPH |

3 \:{: 4 : Y, B W
K™ (3,4;1,2)= —iffffdrbdndr?d-rg > g < > <
2A 260 2D
X K +4(3,5) K ++(4,6)G™ (5,65 7,8) A N
XK+R(7,1)K+b(8,2) >TD< jﬂ\[ .-;I:[n
2d 3Q 4q

5 "'*—u._,‘:;{ﬁ‘ 6 \\F*:J
N rf.r N
3A 3B

miffffdrsdrﬁdrr;drgK+a(3,5)K+b(4,6) with  G={GVHGENGEB4-GROGED)
) L GeDLGEOL .. )
X G(5,6;,7,8)K(7,8;1,2)

27

K(314 5 112) - K+u(3: 1)K+b(4:2)



Bethe-Salpeter approach to hadronization

If we chose only the G (1) contribution, we
are considering Bound State

—— — —




Bethe-Salpeter approach to hadronization

If we chose only the G (1) contribution, we
are considering Bound State

—— ———

Now that we have the expansion of the propagator, we can use this in order to derive an
integral equation for the wave function

K(3,4;1,2)— K 4a(3,1) K 15(4,2)
Ip(sj‘i):"“"‘iffffdTﬁdTﬁdT?dTﬂK+a(3,5)

=i f f f f drsdredridrsK 10(3,5) K +5(4,6) —

% G(5,6;7,8)K(7,8;1,2) X K 4(4,6)G(5,6; 7,8)¢(7,8)



Bethe-Salpeter approach to hadronization

If we chose only the G (1) contribution, we
are considering Bound State

Now that we have the expansion of the propagator, we can use this in order to derive an
integral equation for the wave function

X K+b(4:6) G(S 16 ; 7:8)’1[/(7:8)

Salpeter, E. E., & Bethe, H. A. (1951). A relativistic equation for bound-state
problems. Physical Review, 84(6), 1232.
30



Bethe-Salpeter approach to hadronization

F(p) =i f 1pG(p, 2 K)W(B)

Since is very difficult to solve such an integral equation, a
new equation is often used: Quasi-Potential equation

2 4 2 v(q) _
Hrer) - QZ/ \/q o =



Bethe-Salpeter approach to hadronization

2 2y 2 B dq 1 v(q)
it emt) o) -2 [ 5 N/

0.6 prrrrrm R e A NN _
X BSE, =0
\ ———-- BSLT
0.4 | f:fﬁl T ET :
A LS LR Gross
w(r) NS \\ O FSR,t=0




Bethe-Salpeter approach to hadronization

1 N The idea is to calculate the overlap of the two wave
. F— 1 1K 03X . . . .
<J'|fj- PlPQ) =1 e \P1ELTP 9) functions, in which the second is the BS Wave
. -—1/2 iP-R function, and insert the squared amplitude in a
(x| M,P) =V~ V2PR ) (y) | q P
coalescence integral




Bethe-Salpeter approach to hadronization

The idea is to calculate the overlap of the two wave

functions, in which the second is the BS Wave

ﬂj_p} _ I"’T_lﬁf?ip'R-«';ﬂ.f(y) function, and insert the squared amplitude in a
“ coalescence integral

(r|q, pipa) = V " lelPrxitpaxa)

(r

Link to coalescence approach

. PP d?p; dPpsy
Ny = CyV3 | 2 .
M / (27)% (2n)? (2m)3

2
X 'E{.‘(pl)'{i.‘(pg) | <q. P1P1 |:\1r P>‘

34



* Study more deeply the motivations
behind the fact that the elliptic flow
of the light quarks contributes on
the v, of A more than on the v,
of the D mesons in [2,4] slice

* How the v; affect angular
distributions in meson and baryon
and how the v3 of A is generated

* Why when there is only the v, of
the bulk turned on we see
difference between the v, of
meson and baryon already at low

Pr

* Continue the development of the
Bethe-Salpeter approach to
coalescence 35




In our calculations we take into
account hadronic channels including
the ground states + first excited

states

Meson Mass(MeV) | (J) Decay modes B.R.
D* =dc 1869 = (0)

D = iic 1865 ' (0)

D* = sc 2011 0(0)

Resonances

D+ 2010 (1) D°z*; D*X  68%,32%
D 2007 (1) D°z°% D% 62%,38%
D+ 2112 0(1) DX 100%
Baryon

AY = udc 2286 0()

=+ = usc 2467 L

20 = dsc 2470 1)

Q) = ssc 2695 {3(;)

Resonances

A 2595 0(;) Afztz 100%
A} 2625 0C) Atzta 100%
£t 2455 1) Atz 100%
T+ 2520 1(3) Atz 100%
=/+0 2578 LGy My 100%
= 2645 Y& =t 100%
= 2790 13 Er 100%
= 2815 13 =a, 100%
QY 2770 03) Q, 100%

Statistical factor suppression for resonances\

[(27+1)(21+1)],,-[m

u°

[(2J+1)(21+1)],, | m,,

3/2

e

~(m,.—m

H

)T

J
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AA @ RHIC & LHC

Wave function widths o,0f baryon and mesons are the same at RHIC and LHC
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