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Signals of Polarization

L.Adamczyk et al. [STAR], Nature 548 (2017), 62-65
Snellings 2011 New J. Phys. 13 055008 (adoption)
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Why Angular Momentum?

e Angular momentum of the nuclei is the driver of spin polarization in heavy-ion
collisions by inducing vorticity

 To model hyperon polarization, the dynamic description of angular momentum
transfer to the fireball is crucial

e Detailed understanding of the dynamics is important to identify phase transition
signals
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Hadronic Transport Approach i smash *

Weil et al., Phys. Rev. C 94 (2016)

e *Simulating Many Accelerated Strongly-Interacting Hadrons

® Dynamical non-equilibrium description of HICs at low beam energies
(FAIR) and late stage rescattering at high beam energies (RHIC/LHC)

e Includes all hadrons up from the PDG to m ~2.35GeV

SMASH Setup

o Effective solution of the relativistic Boltzmann equation

p'o, fi(x,p) + m; F*0y fi(x,p) =

call

® Geometric collision criterion

Osot N (7, — Fb) (P, — ?b))z
dtmns < dint — ]: dt%’cms (I” a rb)z - - (7 ?c’l )2
a Fb

e Test particle method 6 > 6-N,. N> N-N

test

http://smash-transport.github.io
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Angular Momentum & Fermi Motion in SMASH

Welil et al., Phys. Rev. C 94 (2016)

® _ 7~
SMASH accesses the full phase-space information z & | L
of every particle and thus its angular momentum = 2f £ A e
| r < 3.5 fm, expected
— | Z % — — full nucleus, expected -
* Fermi motion: nucleonic momentum distribution -}%
due to Pauli exclusion principle e
: %
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* |n the ground state nucleus, nucleon momentum | OSOQ%OQ
distribution corresponds to a uniformly filled Fermi | Q"q(\f |
. . | . |
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Angular Momentum & Fermi Motion in SMASH

N. Sass et al, in preparation AUAU [y = 241 GeV N. Sass et al, in preparation
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—®— Fermi Motion: Frozen
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Angular Momentum Evolution

N. Sass et al, in preparation
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Secondary collisions at higher beam energies shift the flattening of L, and L, to later times

We observe a kink in the total angular momentum at the time when both nuclei collide

Au-Au /sy =8.7GeV b=58fm AU-AU  +/5vv=8.7GeV b =6.6fm
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®
—» Broken anqular momentum conservation
®

For higher beam energies the kink occurs at smaller times due to faster time evolution
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Angular Momentum Conservation

e Collective ,loss” of angular momentum in Au-Au collisions amounts to 3.5% for small impact parameters

e Additional momenta by Fermi motion slightly increase non-conservation of angular momentum

 Geometrical Interpretation of the cross section breaks angular momentum conservation in binary
in/elastic collisions

P-p  +fsyy=387GeV Au-Au +/syy = 8.7GeV
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Treating Conservation in Elastic Scatterings

Calculate the change in angular momentum AL and mass moment AK for each binary collision:
AL=(X - X)xp - (X - XYxXD
AK=(t—t)(p —p)— (X1 = XDE — (X, — XHE,

Get the corrected positions of the scattered particles restricting collision trajectories to a plane and
solving

AL =0, AK=0

—pyX{ + Py Xy + P Vi — Py Vs = By
Ejx; + E5 x; = A,
P X| — D, X, —Px 4+ D% = Ay

Eizi+Ez=A
— P V1P, TPy Py = Ay
Eiyi+Ey = A
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Conclusion & Outlook

* Impact parameter bnyax for which the angular momentum of the fireball becomes maximal is
nearly energy independent for a broad energy range

= bax € [ 4.5 fm, 6.6 fm | for Vsyn € [ 2.41 GeV, 200 GeV ]
e Higher relative transfer of initial angular momentum to the fireball in more central collisions
* Fermi motion induces additional angular momentum

e Predictions for expectation of high angular momentum is important for future experimental
measurements

e Detailed understanding of the dynamics is crucial for extracting phase transition signals

* Long-term goal: Implementing spin degrees of freedom to describe hadronic polarization within
the transport approach
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Spin Polarization

L.Adamczyk et al. [STAR], Nature 548 (2017), 62-65 Deng and Huang, Phys. Rev. C 93 (2016) no.6, 064907
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e Spin polarization: Alignment of particle spins with system’s angular momentum

 Non-central heavy-ion collisions induce vorticity and orbital angular momentum in the QGP

e Studying polarization observables might give hints of magnetic fields as another source for
polarization (Chiral Magnetic Effect)

Global polarization of o j Global polarization of A
quarks & anti-quarks due - ‘ hyperons and other
to spin-orbit coupling | | hadrons species
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SMASH

— Initial Conditions

Sampling of the initial nuclei in coordinate space according
to the Woods-Saxon distribution

d: diffusiveness of the nucleus

dN o

d3r cXp ( r ;FO + 1 ) Po- huclear ground state density

e Hard sphere limit: d — 0

J. Weil et al., Phys.Rev.C 94 (2016) 5, 054905
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* Nuclei get additional momenta

e Nuclei are ,stable” if additional
potentials are turned on

Iy [fm]

— FM, no potentials
---  no FM, no potentials

considered for collision and - no FM, Skyrme + Symmetry.

o ,Frozen® Fermi motion only

=~ FM, Skyrme + Symmetry

R t[ﬁh/g] 150 200

turned off for propagation

J. Weil et al., Phys.Rev.C 94 (2016) S, 054905

_ Resonances

e Particles with widths <10 keV treated as stable

e Unstable particles assigned a relativistic Breit-
Wigner spectral function

m: resonance mass
2N mzl“(m) M,: pole mass

I . width f ti
71' (m2 — M8)2 + mzl—'(m)2 (m). Wi %Jncl ion
1 normalization

A (m) =

e Decay width of two body decay R — ab by
treatment of Manley et al.

p.»(M) : mass integrals over

pab(m) resonance spectral functions

|
R—ab R—ab Pab(vy) I = Trow(Mp)
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Angular Momentum And Impact Parameter

Becattini et al, Phys. Rev. C77:024906, 2008
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