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Introduction



Reaction plane

We work in the frame where Wrp =0

XY



Chiral Magnetic Effect
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Integrated signal



STAR data: PRL 103 (2009) 251601; PRC 81 (2010) 54908

107 x107°

-~ RERRARRRES RARRE RERRE LUULEE RERRE LAARE LR = I L L DL I S S

- - o STAR, 200 GeV
=20 e mAmEmer R qf | :
i O g, FF |] 9_‘ = —#— same charge, AuAu -
' 3 = ¢ no recentering, RFF|- N B —— opp charge, AuAu .
3 15 N ® recentering, FF ] o, i —o— same charge, CuCu i
g - - e |  recentering, RFF ] -Ie-— 0 5 —&=— opp charge, CuCu .
3 1 :_ same charge, + + ) _: %ﬁ i i
[ |opp charge O™ ] O 0 =
0 5'_ ---+ HUJING W] 3 I o
I [—_uramp "O‘:'.ff i ]
- Z 0.5 ¢ 7
0 _—""""""""';;'.'a-"‘""':"'_':'-;':';'_';'_';'.".'.".'-"-'='-"-'='-r-'-v--'-:-r|j-:n'g | i
JEASTE L — = B Oﬁ B i
- "::..,.. ) = o W N ™ : i ]
-0.5 :—Iil 1 I’Ifhﬁ: 11 I L1 11 I L1 11 I L1l 1 I L1 1 I_: -1 __I 11 1 I L1 1 1 I | I T | I L1 1 1 I L1 1 1 I L1 1 1 I 11 1 I__
80 70 60 50 40 30 20 10 O 70 60 50 40 30 20 10 0
% Most Central % Most Central

<COS(¢04 - ¢5)>same <V



Chiral Magnetic Effect vs "Trouble’ Effect

D
D

out-oAf-pIane out-oAf-pIane

in-pTane @ in-pTaneC_B

cos(tr/2 + m/2) = -1 cos(0 + 1) = -1

How to distinguish between the two?



Chiral Magnetic Effect vs "Trouble’ Effect

D
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cos(tr/2 + 1/2) = -1 cos(0 + 1) = -1

cos(tr/2 - 11/2) = +1 cos(0 - 1) = -1



STAR data
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from

(cos(pg — dp)) = (cos(dq) cos(dg)) + (sin(@y) sin(¢g))
<Cos(q5a + q55)> — <Cos(qb&) Cos(q55)> — <sin(gba) sin(q§5)>

we obtain

(51(80) $11(85)) = 0

(cos(¢q) cos(gb5)>8ame < 0

and

<Sm<¢04) Sin((fbﬁ»opposite ~ <COS(¢@) COS(¢5)>0pposite >0



Same sign
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Opposite sign
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where is the parity?

(Si0(80) SI1(05)) 3 = 0
(sin(6y) Sin(@)) e = P+ Bout

11l consequence:

P~ _Bout

This is an unexpected relation ...

maybe it is lucky coincidence?

in order to answer that question we need differential (p¢,n)

(cos(Pq + ¢5)> and (cos(¢q — ¢5)>



p; distribution



STAR data
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We will show that the 'true’ signal is located at low py



Definition

No. of correlated pairs | cos(¢,, + qbg)] 1

<COS<¢O‘ i ¢5)> B No. of all pairs 1000

We can calculate the (differential) number of all pairs
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The number of all pairs vs (pt o + ptﬁ) and |pt,a — Dt
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From that we can obtain p; dependence of the number of correlated pairs:

— |Pt.a — ptﬁ’ distribution is as above (right plot)

— and multiply the left plot by (pr.a +pyg) -



.. we obtain |all pairs (black), correlated pairs (red)|
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The observed signal is NOT inconsistent with the Chiral Magnetic Effect



vy contribution (and Coulomb effect)



(si0(90) () e = P + Bout
<COS<¢OJ) COS(¢5)>same = Bin

STAR hope: Bjy, =~ Byt so that |Bj,, — Boyt| << P, then
<COS(¢04 + ¢ﬁ)> — <COS(¢05) COS(¢§)> _ <Sm(¢a) Sm(¢ﬁ)> ~ P
(cos(6a — 03)) = (o) cos(g)) + (sin(6) sin(dg)) ~ 2By + P

How to define correlation that does not depend on the reaction plane?

Are there correlations that do not depend on the reaction plane?



Let us fix the reaction plane Vpp

p2(91, 92, VRrp) = p(91, VRP)P(d2, VRP) [1 + C (¢ — ¢2)]

thus for ALL 2-particle correlations that do not depend on the reaction

plane we obtain

Biy — Boyt xv9 = <COS(¢04 + ¢ﬁ)> X V2

El—EQ or E1—|‘E2

This is also true for correlations depending on

2

Indeed:

kL £ ko| ~ k- kg ~ cos(p) — ¢9)




As an example we calculated the Coulomb effect (Gamow factor):

(cos(¢g + ¢5)>Same ~ —0.5-1073

(cos(¢g — ¢5)>Sam€ ~ —2.0-1077

The Gamow factor is known to significantly overestimate the effect.

Probably not enough to explain the datal

It is clear that we have to study all sources of correlations, not

only those explicitly dependent on the reaction plane orientation



Dipole analysis



[n each event we can measure size and orientation W{ of the dipole

Py (arbitrary)

We can also determine orientation of the particle reaction plane W9 and

study the relation between W{ and Wy



well known ()9 analysis for elliptic flow:

Q2 cos (2W¥3) = ) cos(2¢;)

Q2sin (202) = » _sin(2¢;)

new ()7 dipole analysis:

¢cos (V) = D i cos(¢;)

Csin (U]) = D ¢i sin(¢;)

[n each event: (@2, ¥9) and ( 1 \DT)

=

<cos (2\Ilf — 2\112)>




Monte Carlo: f oc 1+ 2v9cos(2¢0 — 2V p p) + 2¢xdicos(¢p — Ve g)
200+, 200—, vo = 0.1, d; = 0.05, y = £1
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Good discriminating power, may clarity the situation



Conclusions

e for same sign STAR sees large signal in-plane and very week signal out-
of-plane

e if there is a parity signal it must almost exactly cancel out-of-plane back-
oround

e maybe this is (un)lucky coincidence? We need differential <Cos(gb@ — gbﬁ)>
(pt,n) to answer that question

e signal is dominated by p; < 1 GeV and this is not inconsistent with the
Chiral Magnetic Effect

e all two-particle correlations that do not depend on the reaction plane
orientation contribute to the signal (v9)



e as an example we estimated Coulomb effect and found it surprisingly large,
however, not enough to explain the data (work still in progress)

e we proposed direct dipole analysis that may help to clarify the situation



