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Observable

| S.A. Voloshin, Phys. Rev. C 70 (2004) 057901
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Single particle effective distribution
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+ 2a1 o sin(A@) + 2ag o sin(24¢) + ...,

» The effect is too small to see in a single event
» The sign of topological charge varies and
{(a) =0 = one has to measure correlations,
(a,ap , P -even quantity (1)
= Consider only first harmonic
(a,ap is expected ~ 10

= {a,ap can notbe measured as <sin g,sin gz
due to large contribution from effects not

related to the orientation of the reaction plane

-> the difference in corr’s in- and out-of-plane

(c08(0o + 0 — 2WRp)) = B =B, vi=0 A practical approach:
/ /. . oy three particle correlations
= (cos Ao, cos Aog) — (sin Ao, sin Aog)
= [(v1.4v1.8) + B™] = [{a,az) + Bou't}, (cos(Paq + O — 20.)) = (cos(Pq + O3 — 2¥Rp)) Va2 .
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CME vs VSnn

CME = (a,a;) ~( [diBxR) x 1/ N xx

p 5 S

- Multiplicity dilution
Magnetic field L8,
Correlation surviving
Shaleron/instanton rate probability

Magnetic field -- higher at lower energy
Rate -- 77
Multiplicity decreases

Surviving probability - supposedly strongly
suppressed in confined phase (?).

= “Threshold” like behavior with energy
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Au+Au and Cu+Cu: 200 vs 62 GeV
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+/— signal at lower energy is stronger,
qualitatively in agreement with “theory”
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Au+Au and Cu+Cu @ 200 GeV
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The signal is multiplied by N, to remove Opposite charge correlations scale with  Npap
“trivial” dilution due to multiplicity increase (suppression of the back-to-back correlations ?)
in more central collisions

Same charge signal is suggestive of correlations with
the reaction plane

Opposite charge corr’'s are somewhat stronger in
CuCu compared to AuAu at the same N,
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Backgrounds

. Physics (RP dependent). 3
Can not be suppressed X?OIIIIII
P R -
A& 0 4 | AuAu 200 GeV —
(cos(d o ha — N — T ¥ HIJING .
| Ccos(Qq + (),:3 ’ ‘RP), | | >~ I » HIJING + v, i
= (cos Ag, cos Aog) — (sin A, sin Agg) ‘\.‘& 0.2 i » URQMD N
= [(v1,av1,8) + B™] = [(aaag) + B]. ¥ 0 eqy TS ;
3 I 1
% ] e VR e
= “Flowing clusters”/RP dependent o) ! i -tk .
fragmentation 2 02bL--" ’
(cos(Qn + 05 —2URp)) = ’ ]
— Aclust '5::::(:"(:)5((-?’)(_1 + 03 — 2(*:‘)Cl'll,8t ) ::' clust U2 clust 0.4 B i
« Global polarization, v; fluctuations, ... I same charge| |
| opp charge -
-0.6 I_I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 11 I L1 1 1 IT
70 60 50 40 30 20 10
ll. RP independent. (depends on method and o Most central

in general can be greatly reduced)

” (+,+) and (-,-) results are combined as “same charge”
(co8(0g + 05 — 20.)) = (cos(dg + 05 — 2WRp)) vg. .||HWING+V2 = added "afterburner” to generate flow
' ' ‘ ' ' | " MEVSIM: flow as in experiment, number of resonances

maximum what is consistent with experiment

Event generators: the signal is not zero,
but different from expectations (e.g. same
charge ~ opp. charge)
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Elliptic flow at lower energies

" Elliptic Flow
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Elliptic flow vanishes at Eiab = 4 GeV !
Strong and Electroweak Matter 2010, McGl University, Montreal, : ! - WAYNE STATE
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Future program

Dedicated experimental and theoretical program focused on the local parity violation,
and more generally on non-perturbative QCD: structure of the vacuum, hadronization, etc.

Experiment: ( ; é >
= U+U central body-body

collisions Such collisions (“easy” to trigger on) will have low magnetic
field and large elliptic flow — clean test of the LPV effect.

= Beam energy scan /
Critical point search Look for a critical behavior, as LPV predicted to depend
strongly on deconfinement and chiral symmetry restoration

= [sobaric beams T : :
Colliding isobaric nuclei (the same mass number and

different charge) and by that controlling the magnetic field

96 96 Note that such studies will be also very valuable
44 Ru+ 40 /r for understanding the initial conditions, baryon

J i ) stopping, origin of the directed flow, etc.
» High statistics PID studies /

properties of the clusters
in particular with neutral particles; also in pp2pp experiment
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Summary

1. Needs reliable calculations of the magnetic field
and the effects of the electro-magnetic filed (e.g. anisotropic flow).

2. Background can be relatively smaller (!) at lower energies.
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Future program. Theory.

PHYSICAL REVIEW D 80, 054503 (2009)

Numerical evidence of chiral magnetic effect in lattice gauge theory

Theory:

P.V. Buividovich,'* M. N. Chernodub,**? E. V. Lu%chevskaya and M. 1. Pohkarpov

. . . 'JIPNR * ‘Sosny,” National Academy of [~ e
= Confirmation and detail study of the effect 1 1En b Ceremisl| g B =18GeV
“LMPT, CNRS UMR 6083, Fédératiol -

in Lattice QCD *DMPA, University of Gent,

Theoretical guidance and detailed calculations
are needed:
Dependence on collision energy, centrality,
system size, magnetic field, PID, etc.
Understanding physics background !
Size/effective mass of the clusters, Chiral magnetic effect in 2+1 flavor QCD+QED
quark Composition (eg equal number of q_qbar arXiv:0911.1348v1 [hep-lat] 6 Nov 2009
pairs of different flavors?).

FIG. 2 (color online). The same as in Fig. 1 but for ¢B =
1.8 GeV? and for the configuration of non-Abelian gauge field.

M. Abramczyk

E-mail: mabramce@

T. Blum*

3 eigDeig

Nonperturbative Phenomena dr 9 dR E-mail: thlumEphy E

G. Petropoulos gk °
and Phases of QCD P 215

E-mail: gregpetr 13_ o

R. Zhou, | 0:5— N
Edward V. Shuryak E-mail: zhouranl]

Physics Department, ol ! ! |

Figure 2: Left panel: Charge separation computed from a single near-zero-mode for a continu
discretized on an 8* lattice. B. = 0.098175. Translational invariance is broken in the x —y

¢ C )
Mph ~ ~2.5GeV
Landau states of the quarks. Right panel: total amount of charge separated to the lower half
in the z direction for the same configuration. All modes with chirality close to one are includec

*(p)
The same amount, but with opposite sign resides in the top half.
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Two-particle correlations and background
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1 _ + » _
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Charge combinations
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The results are independent of the charge of “c” particle.
(Note results for 3 particles all of the same charge)
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Charge separation: expectations/predictions

Kharzeev, PLB 633 260 (2006) [hep-ph/0406125
. . . . Kharzeev, Zhitnitsky, NPA 797 67 (2007)
= Same Chal’ge part|C|eS are preferentlally emitted in Kharzeev, McLerran, Warringa, NPA 803 227 (2008)

the same direction, along or opposite to the system orbital Fukushima, Kharzeev, Waringa, PRD 78, 074033

momentum and magnetic field.
» Unlike-sign particles are emitted in the opposite directions.

» “Quenching” in a dense medium can lead to suppression
of unlike-sign (“back-to-back”) correlations.

» The effect has a “typical” An width of order ~ 1.

» The magnitude of asymmetry ~ 102 for midcentral
collisions = 10~ for correlations.

» Effect is likely to be most pronounced at p; <~ 1 GeV/&
though radial flow can move it to higher p;

= Asymmetry is proportional to the strength of magnetic field

» “Signature” of deconfinement and chiral symmetry restoration

//

Medium effects: quenching

Orientation flips
event by event
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