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Heavy-ion collisions

and some of its properties

" “High” energy  ~ 10 — 200 GeV /\
A
® High temperatures ~ 150 MeV
" High magnetic fields ~m? D
® High global angular momentum ~ 102 | | | /\ -------- ,
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L
Vorticity

Classically
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L
Vorticity

Relativistic-thermal
Classically
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Spinning QGP

Large global angular momentum

/ AD, [Snn
\ J=rXp ~—
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how does this translate into vorticity?

~ 10%A
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Spinning QGP - @+, ;

h

w~9%10%s1 ~6MeV ~ 0.03fm™"

“The most vortical fluid”

% O

wy ~ 10717 s-1 wy ~ 10751 oQGp ~ 10%% s-!
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A hyperon polarization: probing the swirl
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Becattini et al. 2013
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Polarization measurements
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L
Polarization measurements

L | ﬂ e
" Good agreement with exp. N
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What if there is a spin-vorticity interaction?

C()Im/

" Interaction can induce
spin alignment

o

4

= Alignment ceases at
the relaxation time

Magnetization

M

| | . Spin Transfer Torque
Einstein-da Haas/ AL N\ Spin Pumping

Barnett/ - Spin Motive Force

\
|
s () o J
anica > Spin Current
Rotation S g

Spin-Orbit Interaction

in the rotating frame
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Why is this relevant?
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Vorticity from simulations

Au+Au
s12=200 GeV

t: 0.09 fm
leB|: 3.42 m,?

UrQMD to track particle’s
momentum & energy

Obtain velocity

Take curl

w=VX7V

Jordi Salinas San Martin || jordissm@ciencias.unam.mx || MexNICA Collaboration Winter Meeting
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Calculation of the relaxation time
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Calculation of the relaxation time

r (%)

How to obtain @w?
= UrQMD/AMPT/etc.
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Calculation of the relaxation time
HI.HC ™ 2 MeV

g = 0 MeV, m, =100 MeV, /syny = 200 GeV
e = 0 MeV,  mgy, =0MeV, /syny=200GeV

HUNICA ™ 200 MeV 1y = 100 MeV, m, = 100 MeV, /syy = 10 GeV

w1, = 100 MeV, m, = 0 MeV, /syny = 10 GeV

HRHIC ™ 20 MeV

0-20 1 I I I 1 I I 1 1 I

0.15

Temperature T (GeV)
o
o

0.05 Hadronic freeze-out —

S=0 & Q/B=04

N T (MeV)

0.04 0.08 0.12 0.16
Net baryon density p, (fm™)
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Relaxation time for realistic HICs

. @b=5fm
i BbO=81m
" & b=101m
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-» Strong dependence on b

-» Larger relaxation times for §

-» Different behavior for s and 5
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L
Intrinsic global polarization

t (fm)

As should polarize more than Al
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L
A polarization from a two-component source

Spectators

Ny =Ny QGP T N\REC Corona

—_—— ) —— —
Core Corona
[t is reasonable to think that As will be generated in
different amounts in each region! — -
T T J J
) (NAQGP+N REC) (NAQGP+N REC)

P = Core
REC) A+A

+ N

T ! T
(NAQGP A REC) ¥ (NAQGP
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A polarization from a two-component source

This can be rewritten as

N QGP
“V.REC

N, QGP
(1 T WMREC )

P =

Some simplifications...

NZzQGP =NAQGP

suppression factor
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A polarization from a two-component source

N Npqap = NAREC, Z
rQGP -== Naqcp = 0.5N) rEC,

<
Ny REC Np qap = 1.ONj rREC;
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L
A polarization from a two-component source

120 ———r————————————————————
| VSny = 7.7 GeV |
100 -== Ny
| Naqe
SO % Swapping of dominant region
> 60

® Semi-central collisions
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A polarization from a two-component source

1271

¥ More polarization of As than As! | * Pf STAR
10} * P [STAR]

. Data well described for QGP formation times . g PNt <t <Al fm
between 1.5 and 4.5 fm N — P L5 fm <t < 45 fm
1E

0.8}
« 0.6}
0.4}
0.2 - ) - Au+ Au 20%-50% |
O_ . T | . | . . | . . P | . |
10 20 50 100 200
\/SNN (GGV)
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* P [STAR

= Vorticity generated in HIC's | . _ |
10} * P* [STAR i

. . . - oA .
¥ Polarization measurements to probe vorticity oL T Poloim <¢<451m .

----- P15 fm <t <45fm

@ Spin alignment is quite important!

® Good agreement

Au + Au 20%-50%

10 20 50 100 200
\/SNN (GGV)
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(Questions?



