Topology of B fields and
Anomalous chiral effects
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Anomalous chiral effects

- Charge dependent correlations from

event-by-event anomalous hydrodynamics
[Hirono-Hirano-Khazeev [1412.0311]]

 CME current from reconnections of

magnetic flux
[Hirono-Khazeev-Yi, PRL in press [1606.09611]]



Charge dependent correlations from

event-by-event anomalous hydrodynamics
[Hirono-Hirano-Khazeev [1412.0311]]



Anomalous transport in heavy-ion collisions?
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Anomalous transport in heavy-ion collisions?
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1. Physical meaning of obs.

2. EbE anomalous hydro
3. Results
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Charge dependent correlations [STAR]
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Charge dependent correlations [STAR]




Charge dependent correlations [STAR]
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Charge dependent correlations [STAR]
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Charge dependent correlations [STAR]



Charge dependent correlations [STAR]
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Anomalous transport in heavy-ion collisions?
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o Event-by-event anomalous hydro

o [nitial random Ny
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Event-by-event anomalous hydrodynamic model
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Initial stat Anomalous Freeze-out
nitial state hydro evolution  via Cooper-Frye

Correlations

An initial cond.

Particle data
for 1 event
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Anomalous hydrodynamics equations

- Non-dissipative anomalous fluid in 3+1D
* no viscosity/Ohmic conductivity
- Background electromagnetic fields

0, T =[F"?j,
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Anomalous hydrodynamics equations

- Constitutive equations

j* = nu* +[kpB"| jt = nsu” +[EpB”
CME CSE

S __pn e JL575 \ [Son & Surowka (2009)]
ekp = Cls (l oy I'> cEp = Cu <1 T et l’> [Kalaydzhyan & Kirsch (2011)]

- Equation of state - conformal
- massless quarks & gluons

2
g w IV(JV c
p (i) = “ ot NN (e NN g



MC Sampling of particles
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Isothermal hypersurface
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Anomalous transport in heavy-ion collisions?
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¥ Event-by-event anomalous hydro
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Axial charges from color flux tubes
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Axial charges from color flux tubes
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Axial charges from color flux tubes
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Axial charges from color flux tubes
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x(fm)

s [GeV]

- RHIC energy
b=7.2fm(20-30%)
¢Bax ~ (2ms)?

T = 3 [fm]

C., = 0.1 [GeV]




eta
s [GeV]

- RHIC energy

- b=7.2fm(20-30%)
- ¢Bpax ~ (2m5)’

- 73 = 3 [fm]

- O, = 0.1 [GeV]
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Anomalous transport in heavy-ion collisions?
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¥ Event-by-event anomalous hydro
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Why vq fluctuation also become larger?
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Correlations: (v v, ), (afa;)
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(cos(¢9 + ¢F — 2Urp)) (Same) vs centrality
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(cos(¢¢ + ¢ — 20Rp)) (Opposite) vs centrality
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Background effects

 Transverse momentum conservation [S. Pratt, S. Schlichting, S. Gavin, PRC(2011) ]
[ A. Bzdak, V. Koch, J. Liao, PRC(2011) ]

e Local Charge conservation [ S. Schlichting and S. Pratt, PRC(2011) ]
[ Y. Hori, S. Schlichting, et al [1208.0603] ]

» Cluster particle correlations [ F. Wang, PRC(2010) ]

In our current simulations,
multi-particle correlations are not imposed

d> N ptdo,,
E—si (p)=/ TP —
dp J ePPu=n) rpp ]

Cooper-Frye formula — single-particle distributions

Estimate of TMC contributions in STAR data [Y. Yin, J. Liao, PLB(2016)] 36



Anomalous transport in heavy-ion collisions?

Qutlook
 Quantification of the background contribution
* Contribution from the pre-hydro stage

* Dissipations/Dynamical EM fields/...
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CME current from

reconnections of magnetic flux
[Hirono-Khazeev-Yi, PRL in press [1606.09611]]



Magnetic helicity knows topology

H:/d3:1:A-B

= ZSM? + 2 Z Lijpip;

Self-linking number Linking number



Magnetic helicity knows topology

* |In ideal MHD, the topology of magnetic fields
does not change (no reconnection).

* Reconnections can occur for resistive MHD.
* Magnetic reconnections lead to CME currents



Change of integrated CME currents
IS given by change in helicity
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Parity even
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Derivation






Faraday’s law —<I>— /E dx
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Lowest Landau Levels
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Particle generations

PF

* Density of states in (1+1)D is given by 5
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Generated currents

e’ 12
dx = ANp =
" AJR dx = ( ) X R = 42
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« Summary

« CME current is generated associated with the
change of topology of magnetic fields.

« We derived a relation that connects the amount of
generated CME current and the change in
magnetic helicity.

e Outlook

« Alternative derivations based on, for example, the
chiral kinetic theory.

« Observables effects

« Magnetars / heavy-ion collisions?
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Backup slides



Anomalous magnetohydrodynamics

e In order to see anomalous effects, resistive MHD is necessary

D
pE’v:—Vp-I—JXB

J=V XxB
FEF=—-vx B (0 — OQ)

BtB:VX(’UXB)
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Background magnetic fields
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C.. estimated by anomaly equation

2
J ) Nf a /ya,uy
0t = 555G, G

, : (/ \f Yl YL, LV
'n-;')(["ill) 3;)7_ G/U/G / 4111

tn ~ 0.6 [fm] 9G%, ~ 1 [GeV?|

ns(tin) ~ (0.3 [G(‘V])

mp O, = 0.1 [GeV]



Correlations

same-charge
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