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Stage of heavy-ion collisions
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QGP In small system?
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* R, 4 of light hadrons is consistent with one.
* R, of heavy flavour is comparable with cold nuclear effect and CGC.
* v,(pt) of heavy flavour can be described by CGC model.
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Coalescence model and NCQ scaling
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* Fragmentation: Leading parton with pr leads to
hadrons of p, = zpy withz < 1. '(Coalescence.

PUIOUI |

attasend.

fragmenting parton:
P =2p, z<1 !

 Coalescence: occurs In an instant. S 40°

o O O §1°4
- o Z10° recombin

&10° py+p,=p;,

1

arton

* Quark are already there, and close in phase space.

* The parton spectrum is shifted to higher p+ in the pr (GeV)
hadron spectrum., p, = npy, N=2,3.

 Partonic hydro behavior shifted to higher py In
hadrons.
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* Meson‘s momentum distributions by recombining of quarks:

B
I

dNpr 3. 3. B 13
- = gm | d°’x1d”p1d°X2d P2 fo(X1, P1) f3(X2, P2
d°Pas

xWar(y, k)6 (Prr — p1 — p2
* Baryon’s momentum distributions by recombining of quarks:

dNB . : . .
3 = (JpB d3X1d3 1(1!3}{2(13 Q(l3X3d3 3fq1 X1, P1

d°Pp

1:Y2: ko

X fq (X2, P2) [4: (X3, P3)WEB(Y1
x5 (Pg —p1 — p2 — P.

3) 9

* fq5(x, p) Is the phase-space distribution of (anti)quarks, Wy g Is the

Winger function of meson (baryon), gy, g Is the degeneracy of
meson (bal’yon). R.J.Fries, V.Greco and P.Sorensen, Ann. Rev.Nucl.Part.Sci. 58, 177 (2008)
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and quark exhibits the same elliptic flow:

°Q
° 1

uark’s elliptic flow:
ne meson's elliptic flow:

° 1

ne baryon elliptic flow:

a\PT
Vo \PT

J 1+ 2vy o(p1)COs2¢

V2.q pT /2 ~
1422 _(pr/2 2v2,q(PT/2

x

3v2 q pT/3
1+6vs .(pT/3

PT ~ 3va4(pT/3
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0.08 (= Yy | 1 * NCQscaling is clean signal to probe partonic

[ wt | ~ 1 degree of freedom in heavy-ion collisions.
0.06 [ 4 0 -
0.04 |- &% Au+Au @200 GeV .

n i A K Optp A
0,02 EETAR, Ks p'l'E _

- . PRC, 92, 014904 (2005). N KK ® A+ .

0= 4% ... Bystematic error i

LT R.]).Fries, V.Greco and P.Sorensen, Ann. Rev.Nucl.Part.Sci. 58, 177 (2008)
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Probe the partonic degree of freedom In
high multiplicity p+Pb collisions



T o o o o o o o o o o o o o o o o o o o o o T S
N N M A o,
L
e e e e e et e ey
o

3
bttt

By

2

,
s

e

r
i
bt

f
5

&
!
i
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Py

1. Low Py:

Hydrodynamics

Thermal meson and
baryon
2. Get the thermal parton with from hydro and the hard parton from Pythia8, then

suffered with energy loss by LBT. Coalescence the quarks, (thermal-thermal,
thermal-jet, jet-jet coalescence) the remnant hard quarks subjected to fragmentation.

~

Thermal parton
Coalescence+

Fragmentation

Hard parton

3. All hadrons feed to the UrQMD model. 15
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« Our framework well describe the spectra and P/mr at 0-6 GeV. 16
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« At intermedium pg, we can get the approximately NCQ scaling at data shown.
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The importance of coalescence process in p-Pb
system



p+Pb@ \sy,=5.02TeV,0-20%
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) ALICE DATA fragmentation =
; 102 . oT — T 0.4
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>
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3107

—

10°E fragmentation

/2Ry N (dp

2 T(Gé\?) |

« Hydro works at low pt , but fails at inter-medium py range.

* Fragmentation fails at low pt range, and can't generate enough collective flow
compared to measured data.
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.4 —ALICE DATA,0-20% CMSp#Pb816Tev =~ +F+ = ' T o= T —

| O = () K(185<N_ <250) Lhydro + frag.
A K ch
O P A(185<N_ <250) T thermal &: p_<6GeV .

.y -
| hydro+coal.+frag. I —— K thermal K: pT<6GeV

T F —_ T ATLAS,p+Pb 5.02 TeV T —— P thermal P: pT<6GeV .
— K . —_ =
AP n . D h=(60<N ) + -
=B
A
[ | .
>

(GeV)

* Without coalescence, hydro+frag. significantly underestimates the v, (pr)
at inter-medium.
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* Without coalescence, hydro+frag. will greatly violate the NCQ scaling at
Inter-medium py .
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* NCQ scaling is a very clean to probe the partonic degree of freedom
small system.

» Coalescence is indispensable in high mulitiplicity p+Pb collisions. One needs
combine hydro, coal. and frag. together to describe the spectra and v, (pr)
as well as the approximately NCQ scaling.

» Coalescnece implies the phase transition from partonic degree of freedom to
hadronic degree of freedom during the evolution of p-Pb collisions.

* Fragmentation will violate the NCQ scaling at intermedium p¢ Iin p+Pb
system .
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Hydro.  Coalescence,fragmentation  fragmentation

Py

1. Get the thermal hadrons from hydro by the Cooper-Frye.
meson(Pr< 3.2GeV)

Hydro Cooper-Frye baryon(P,< 4.8GeV)

2. Get the thermal parton with 1.6 < Py <4 GeV from hydro and the hard
parton from Pythia8, then suffered with energy loss by LBT with a=0.15.
Coalescence the quarks, the remnant hard quarks subjected to fragmentation
In Pythia8.

Thermal parton

“ N
+
(1.6 < P;<6GeV) Coalescence

Fragmentation to
hadron

Jet shower parton
(2.6GeV < Py)

3. All hadrons feed to the UrQMD model. 26
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==mm hydro+coal.+frag.
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1/(2m)d*N/(dp

* Without coalescence, hydro+frag. underestimate the spectra at

Inter-medium p7 and overeatimates the P/m ratio at the peak
value. &



