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 QGP: quark gluon plasma at RHIC.

. QGOi_s)forT(ed by(jhfj\vy ion collisions.
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* One of the important measurement is elliptic flow.



Elliptic flow V2

* To know particle emission dependence : ﬂ‘
!

on azimuthal angle, expand in a Fourier 0
cosine series.
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Y :rapidity [Pp:transverse momentum
Elliptic flow reflects initial geometrical anisotropy.
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Existing mechanism

~ fragmentation

* Hadron production at sufficient large
momentum can be described by pQCD.

* Fragmentation mechanism is a parton
fragments into hadron carrying with a certain
fraction of parton’s momentum.
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Fragmentation to Recombination

* The two component form of

hadron transverse spectra,
including an exponential part

(thermalized phase)and a power

law tail (pQCD).
* The particle dependence
of the elliptic flow v5 .

0.3
. —_ A
0.25 = — K*
0.2
='0.15
0.1
* A+4Abar STA
005 ] = p PHENIX ¢ K% STAR
- @ e 7 PHENIX e K" PHENIX
O o x PHENIX © K PHENIX
0.0

01 2 3 456 7 89 12 3 45

Pr (GeV)

6 7 8 9 10
Pr (GeV)

#° PHENIX 0-10% cent. |
=== Recombination (R)
------ Fragmentation (F)
Reco+Frag (R+F)




Fragmentation to Recombination

* The two component form of

10 | B #° PHENIX 0-10% cent. |
hadron transverse spectra, j o pecoutiasion 1)
J‘;;T:_: l Reco+Frag (R+F)

including an exponential part
(thermalized phase)and a power
law tail (pQCD).

* The particle dependence

of the elliptic flow v5 .
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Recombination model

* Assumption
— Recombination takes place in thermal phase.

— An instantaneous recombination, corresponding to
an infinitely thin hypersurface 2.

— No dynamical gluons. Taking into account only
constituent quarks.
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Recombination formalism
 Meson and Baryon spectrum is given by
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scaling law of elliptic flow vz = {(cos2¢)

* Assuming quarks and anti-quarks have a pure elliptic flow.
.
Wa (R’ P) — Waq (Ra P) [1 + 2v2 4 (PT) COS 2(/5] C%

* In the thermalized region, elliptic flow of mesons and
baryons are
/] 2/027 P_T
,Ué\l(pT): [ CI( QP)] Q’UQB(PT)
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* Ignoring quadratic and cubic terms, we can arrive at
following simple scaling law:

H _
Vg = NU24

(1 )
—Pr . .
n , where n is # of costituent quarks.
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Results

* The particle dependence of elliptic flow.

e The different behavior of mesons.

— protons and pions. kaons and A’s.
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Scaling law

* Follow one universal curve.
e Scaling law breaks down in the pQCD domain.
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Conclusions

 Recombination model explains scaling law.

hd

 Recombination model implies ...

—the existence of thermalized parton phase

(QGP)' o.‘:): — ' R+F

— pR+F

—hydrodynamical evolution e

on a quark level!

0.03

0.02] /m m pPHENIX
e 7+ PHENIX

4 5

0.01

2 3
P¢/n (GeV)

12



Back up



Modeling parton phase

* Low p;domain

#° PHENIX 0-10% cent. |
-== Recombination (R) ]
------ Fragmentation (F) -
—— Reco+Frag (R+F)

— The thermal region is pararReterlze as
—p-v/T ,—n°/2
we = Yae PV T2 f (p, )
Ya : a flavor fugasicy factor
I : temperature
f (o, ) : transverse ditribution
A : rapidity distribution width
* Highp,domain
— The pQCD component is parameterized as:

dNg C
=K

PrdPrdyly=o ~ ~ (1 + Pp/B)?
C, B and 6 is taken from a pQCD.
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Recombination formalism 1

* By introducing the density matrix P the number of
qguark-antiquark states that we interpret as mesons is
given by

Ny = Z/ )

Sum is over all combmatlon of quantum numbers
— flavor, helicity and color.

* Introducing Wigner functions W, @ for two-quarks
and mesons respectively.

dN s / PR /d‘?’qd?’ r P P W
R R— — — — — Dy
d3 P Z +2 27 9 +q72 q M(raQ)
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Hadron spectra 1
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Hadron spectra 2
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Rcp

* The ratio of particle production in central and
peripheral collisions normalized by the
number of binary collisions. 1 dNcentral
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Rapidity

Boost along the z axis,

g — 61 + B2

1+ 51

Rapidity : vy = arctanf

B = L+ /2 = Y=Yty
1+ 5102

other expressjons
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Light cone coordinates  po

. . p- 1 P
* Light qone coordinates .
+ _ 0 1 — 0 1
T =—F=\T +2) 7 = —(x —= >
V2 ( ) \/5( ) p!
 The line elements in D=d+1 dimensions

ds® = —2dxtdx™ + (dx2)2 + - 4+ (d:cd)2
* Momentum on the light cone

P+:%(PO+P1) P :%(PO—Pl)
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fragmentation

* The invariant cross section for a hadron h with
momentum P can be given in factorized form,

dah da: do,
b Bp Z / Da—n(2) 3 (P/x)

e Dy_p :fragmentation function

*Z: momentum fraction carried by each quark



QGP

 QGP is formed by heavy ion /3

.
which leads to the difference of o,

p@Sure gradient. T— \V

Science grid this week,
October 25, 2006

collisions. ﬂ)
* QGP is described by hydrodynamics, C . el

* The anisotropy of hadron momentum

distributions. : trih it
Azimuthal distribution
y@m pressure gradient j‘> P¢
Y

E:))high pressure gradient
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Elliptic flow V2
* To know particle emission dependence on azimuthal

angle, expand in a Fourier cosine series. The 2"
coefficient is called elliptic flow.
d>N d* N Y :rapidity
E — 1 2U,

3P 27w PrdPrdy ( i zn: Un €O n¢> Pr: transverse

momentum
* Elliptic flow reflects initial geometrical anisotropy.
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scaling law of elliptic flow ),
vy = (cos 2¢)

* In the thermalized region, elliptic flow of mesons and
baryons

202 () 3vz () + 3vs (TT)S

B
2 vy (Pr) =
1+ 205 (5F) 1+ 60y (£2)°
* Ignoring quadratic and cubic terms, we can arrive at
following simple scaling law:

vy! (Pr) =

1
vg = N9 (—PT>, where n is # of costituent quarks.
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Recombination formalism

 Meson and Baryon spectrum is given by

dN do P - u
FEp - Z/ 2 [ o (RaP)wn (R, (1~ 2)P) ou)

dNB do P -u
d3P Z / / drdx' w, (R, zP) wy, (R, 2’ P)

a,b,c

xwe (R, (1 -z —2")P) |pp(z,z")|°

* Choose a hypersurface 2 for hadronization.

* W, : single particle distribution function for quarks at hadornization.
« 1 and @B : light cone wave function for the meson and baryon.

* I, 2’ : momentum fraction carried by each quark.

U :the future oriented unit vector orthogonal to the hypersurface.



Elliptic flow V2
* To know particle emission dependence
on azimuthal angle, expand in a Fourier

cosine series. The 2n coefficient is

called elliptic flow.

B3P ~ 2rPrdPrdy
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* Elliptic flow reflects initial geometrical anisotropy.
QGP is described by hydrodynamics, which leads to the

difference of pressure gradient.

y@ low pressure gradient

4}:{) high pressure gradient

LEQ—y

vy = (cos2¢) =

Pyy

Py — P
pz + ;)

eccentI|C|ty £ =

2_|_y

>Px

26



