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* Polarization iIs
defined as:
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Two regions

WWND 2020

In heavy-ion collisions, A and A
come from differen density

regions.

 From the QGP in processes like

g— ss and gg — ss

« From the periphery they are
produced by recombination-like
processes.

The number of As can be written
Np = Ny qcp T NA rec;
The polarization can be

NT - N¢

N J\rT | J4

rewritten in terms of the number

of As (or As) produced in the

different density regions (QGP
- andiPeriphery).




Two regions

PA _ (N} Qap T Nlgec) — (N} QGap t Mg )
{Nl QGpr T N.I rec) T '[N.-i QGp T Ni REC)
Pr _ {‘W%QGF + PJ%HEC} o {N% QGP + ‘ﬁ"iiﬂ H.EC‘-:]
{‘N%QGP = N%H.Ec} s {N% aap T N% REC)
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Assumptions

After some algebra, we get:

T AT+
(',D_.: + :\r‘u QF‘P ‘VA QGP)
REC

A REC

A
’,:D == (1_|_N'A Qpp)

Na rEC

_ 1 -
'Pﬁ NI QGP NA QGP
REC Nx rEC
N—~
(1 + vﬂ QGP)
NT REC

T 3
NA REC NA REC
1 [ 3
NAREC T NAREC
1 4
A REC A REC
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Assumptions

pitefsomeralgebia, wWelgek In the periphery polarization from

) p+p like processes
QGP

* Nucleon-nucleon scattering not

enough to align A spin with
QFP) angular momentum

» Polarization of A and A in this

region averages to zero.

Wi = N s
Nises + Ditesg
A
NM} REC T N?%REC 2020 - I|.A.Maldonado




After some algebra, we get:

QGP;

arT _ "'n.,i"‘]'
A 1 :'JJ‘L QGP A
(”DHEC'- !

A

Na qap
NA rREC

Nr‘h REC
PJ
(1 ¥

— [Nl
(,’DE?EE‘ | A_QGP A

N
Np REC

QGF‘;

A REC

(1_|_ v.-‘& QGE

)
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Assumptions

A A
PREE‘_:DREC‘_U

« z and z represent the A and A
intrinsic polarization respectively.

e Assuming the number of As is
equal to the number of As.

r AT
"" A qgap ‘"s’a Qcp zNp QCGP
| TT B T“L —_ = N A~ o= N
..“\' A qQGp .'.'\'I qQap — E_-n\"ﬂ QGP — E;\-ﬁ QGP
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After some algebra, we get:

ATT AT+
ﬂu.Qﬂp_ﬁﬂ.QGP
NaA REC

('P;?Ea -
A

NA REC

a (1 +

_ 1 -
pﬁ NI Q A
REC A REC

Na qap )

QGF‘)

NI G P

T

Nisse = Ni sse
N} vee + NX nec
NT oo = N e
LA
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Assumptions

PRJ‘!LEI‘.'“ s IPRﬂEr“ k)

4 TI:. QGP *Ni Qcp zNA qar

arT e — =N R ¥

;\‘E Qap "\E QGP z‘wﬁ QGPr — ZNp QGP

e« The number of As in the

periphery is proportional to an
energy-dependent coefficient w
times the number of As

<“\‘E REC — wiNp Rb

|.A.Maldonado



The ratio w=A__ /A

REC" " 'REC

Na Qop
“N
A REC

N+ = H_-T;'\"T.ﬂl REC,
(1 . Na QGF’) L REQ ‘ |
|

NA REC

o.o0s

L | L L L L L L L L |
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The ratio w=A__ /A

REC" " 'REC

o
ha
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

L
10¢

=

{s (GeV)

UrQMD generator for pp collisions, w
value is smaller than 0.4 for these

energies
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After some algebra, we get:

NT —Nv

A QF‘F‘ A QG‘F‘)

A REC
Na qap
NA rREC

T 1
A QCGP NA

Nj rEC

('P;Fw

PJI QGE

N% mrEC

)

QGF‘)

2020

Assumptions

Considering the following
restrictions:

A A
PREF‘_:DREF‘_U

'\" A Qor “fﬁ QeGP = zNp QGP
T 'Tl —_— e ~ o=
:\Ia:"l QOGP o ‘I\II QGP zi\f A qoP zf\"ﬁ QGP
“‘T REC — H.U\f‘.ﬂ,l REC,

We can express the polarization

)

(1 T Na rEC
Na qap

( ) Nx rEC

(1+()

5 NA qop
Na rEC

pA

Na gap

Z

i

Nx gcpr
Na rEC

;
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Analyzing the behavior

ZNﬁ QGP
A N, )
P A REC

Polarization depends on the
. (g) Na Qap coefficients:

pA

(1 —I— (i) NA Qi(_;p) ) ZE E aﬂd 1;_}7
f And the ratio:

Nx gap
We expect z (intrinsic A polarization) NA rEC

to be smaller than 2z (intrinsic A
polarization), that is

1/w > 1
amplifies the A polarization with

espect to A polarization

P > P/
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Analyzing the behavior

WWND 2020 -

[

| = Naqap = Narec, 2=2=0.1
| — Njqgp = 0.5Nsreg, Z=0.07, 2=0.1 |

[ == Npqap =2NjpRec, Z2=10.07, z2=0.1
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Production of A,,, and A, .
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Production of A In different
regions

Nagar = ¢Noap

Nagar
NarEc QGP 2
N;7(b)= | n,(s,b)0[n,(s,b)—n.]d"s
N, ¢ = 0.001, 5=7.7 GeV n,(s,b)=T,(s)[1—e TMTB~P)]

+Tg(s—b)[1—e ™ 7WNTa®)],

—%- QGP
—+— REC
In terms of the thickness
function

o0

Ta(z,s) :/ pa(z,8)dz

0. @)

Woods-Saxon profile
] density

Po
" / Ta(b — 8)Tu(8)0[ne — ny(s,b)]d2s  Pa(D)=————%,

l+e
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GANN Fit

r:s;:jN Fit
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Production of A In different
regions

N, ¢ = 0.001, ys=7.7 GeV

35— — QGP

—+ REC

| 16
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Parameters to get intrinsic
polarization

Eur. Phys. J. A (2016) 52: 218

0.20 —

” : Relaxation time is
calculated considering
6 no excluded volume at
] the freeze out

0.15

T(ug) = 166 — 13973 — 53up

Temperature T (GeV)
o
o

1308

e ~ 1000 + 0.2731/s

Hadronic freeze-out HB (\/E)
S=0 & QB=04

L I L 1 1 I L 1 1
0.08 0.12 0.16

Net baryon density p (fm”)
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Relaxation time

quarks antiquarks
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Intrinsic Polarization

b =8 fm
S = 19.6 GeV —

0 > A 6 8 10
t (fm)
5 — 1 1 _ 6—7’5 Cited by A. Ayala
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ntrinsic Polarization z and z as a
function of energy

Z parameter

M —
- \4— b =8, t= 5fm
ﬂ-g'_—
— —4— b =8, t=5m

.

_D_EI_III I I I [ N N N I

10 10° s (GeV)

The intrinsic A polarization is smaller than A intrinsic polarization

for low energies.
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Preliminary

* Au-Au 20%-50%

& Au-An 20%-50%
8 L fear = 3 fnl-. c=0.001 E 8 2 leari—cl fm,_ c=0.001

S
a
« A [STAR] = A [b =8 fm] «* A [STAR] = A[b=8fm| 4
« A [STAR] - A [b =8 fm] «A[STAR] A [b=8fm|
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Summary

STAR has shown that polarization of A is larger than A at low
energies and the difference decreases as energy increases. This
can be understood in a two-component model where As come
from a dense region (QCD) and a less dense region (pp like
processes).

We have shown that this behavior with the number of As
coming from different density regions in the collision, when the
ratio Nirec/Naree IS Smaller than one, amplifies the global A
polarization over that of A, in spite of the intrinsic A is larger
than intrinsic A polarization.

 With reasonable assumption this two component model
provides a qualitative and quantitative description of the STAR
data. A more detailed analysis, including an average over
different impact parameters and characteristic life-times of the
system is being performed and will be reported soon.
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