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Motivation

CSE + CME =» Chiral Magnetic Wave:  Reaction

. o |
* collective excitation p(-‘f;:}\

* signature of Chiral Symmetry Restoration
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Chiral Separation Effect Chiral Magnetic Effect




Observable I

B Y. Burnier, D. E. Kharzeev, J. Liao and H-U Yee,
- Phys. Rev. Lett. 107, 052303 (2011)
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Formation of electric quadrupole: V =V, + ( “)A,
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where charge asymmetry is defined as A, = ﬁ — N

N,+N_
Then 7~ v, should have a positive slope as a function of A,,
and " v, should have a negative slope with the same magnitude.
The integrated v, of 7~ 1s not necessarily bigger than nt*: (other physics)
only the A, dependency matters for CMW testing. 3




Observable 11

CME + Parity-odd domain,
=> charge separation across RP

Reaction
plane

Y (defines ‘¥y)
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This charge separation effect needs to be beyond conventional physics

background.
S. Voloshin, PRC 70 (2004) 057901,
Kharzeev, PLB633:260 (2006) 4
Kharzeev, McLerran, Warringa, NPA803:227 (2008)



Observed charge asymmetry
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* N* (N-) is the number of
positive (negative) particles
within |n|<1.

* The distribution was
divided 1nto 5 bins, with
roughly equal counts.

* Tracking efficiency was
corrected later.
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Charge asymmetry dependency
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* v, was measured with the
Q-cumulant method.

* Clear A, dependency
* v,(A,) slopes for n*:

* Opposite sign
* similar magnitude

* v, difference vs A* may
have a non-zero intercept:
other phjysics?
+ . -"i qe \\“
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Effi ciency

Correction for trackmg efficlency

Tracking efficiency for 7+ and =-
1 [ T | |
0.8 l | bt
1
0.6[ .
0.4\ -
0.2\ -
ot ——,
Re p, (GeV/c)
— + Qe
v, — v, =C+2| == |4,
P
* Fit with a straight line to
extract the slope r =2 f_} :

* Do the same for all centralities
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Slope vs centrality

Y. Burnier, D. E. Kharzeev, J. Liao and H-U Yee, arXiv:1208.2537v1 [hep-ph].
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Similar trends between data and theoretical calculations with CMW (improved version).
There 1s no specific beam energy input for the calculation. 8
UrQMD with no CMW can not reproduce the slopes.



Slope vs centrality (BES)

Y. Burnier, D. E. Kharzeev, J. Liao and H-U Yee, arXiv:1208.2537v1 [hep-ph].
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Similar trends are observed for different beam energies, where the errors are small.®



Summary I

« Charge asymmetry dependecy of pion v, has been observed.
* V,(A) showed opposite slopes for n+ and =.
* The slopes have similar centrality dependency from 200 GeV to 27 GeV.

« Similarity between real data and calculations with CMW

» Similar trends of slope vs centrality
* UrQMD (w/o CMW) showed no such effects.

 Further systematic checks Please also see Hongwei Ke's poster!
» Weak decay contribution
» Handle on the magnetic field B

* Other physics interpretations
* Quark transportation?

» Hadronic potential? "



CME + Local Parity Violation
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A direct measurement of the ~Z-odd
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Non-flow/non-parity effects. Sa
y /argely cancel out P-even quanitity:
Directed flow: expected fo stilf senstiive to

.11
be the same for SS and OS charge separation



Beam energy scan
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From 2.76 TeV to 7.7 GeV, changes start to show from the peripheral collisions. 12



Consider y,¢-Yss t0 be signal...
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The signal seems to be disappearing at 7.7 GeV, but the statistical errors are large.
13



Possible physics background

charge conservation/cluster + v, Pratt, Phys.Rev.C83:014913,2011
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= (cos((Pa + D8 — 20res) + 2(dres — WRP))) STAR, Phys. Rev. C72 (2005) 014904

_ fres (€os(Pa + @5 — 2¢res)) V2 res Seemingly correlated!
Nen Can we disentangle the relationship with
U+Uu?

In RHIC run2012, we took 350M minbias
events and 14M central trigger events.




Counts

v,{n sub} (%)
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* A larger and deformed system

* v,(M) in U+U is higher than that in
Au+Au. Not as high as expected in

2 . .
" 493 GeV U+U central collisions. (4% expected)
‘0 Masui, Phys.Lett.B679:440-444,2009
* The cusp in the simulation not seen.
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v,{n sub} / e, (%)

v, in U+U
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* [f dN/dn 1s divided by the overlap area (S) and v, 1s divided by eccentricity,

there 1s a split in central and mid-central collisions.
* The area and eccentricity are calculated with Glauber Monte Carlo.
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Summary II

« The three-point correlation showed charge separation w.r.t RP
* (Yos - Yss) has similar magnitudes from 2.76 TeV to 11.5 GeV
« Similar in Au+Au, Pb+Pb and U+U (also in Cu+Cu, not shown)

« The signal of charge separation seems to disappear when
 the beam energy is down to ~7.7GeV
 the magnetic field from spectators is supressed (v, is still sizable)

* Further studies
 Correlations between identified particles
e pion, kaon, proton and Lambda
* Collisions of isobars?

See also Kent Riley's poster!

« U+U collisions show interesting features of v,, which needs
further investigation and calls for interpretation...
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Slope parameter r (%)

Slope vs centrality

Y. Burnier, D. E. Kharzeev, J. Liao and H-U Yee, Phys. Rev. Lett. 107, 052303 (2011)
and arXiv:1208.2537v1 [hep-ph].
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Improvement of theoretical calculations with CMW:
Simplified hard-disk (pancake) type of model -> Monte Carlo Glauber
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Multi-component Coalescence (MCC) +
Quark Transport

X v — X,,v vs Charge Asymmetry
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AUZR = T?zn — vzn — (XdT — XuT) (UZT — UZP)

John Campbell's poster.
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Dilution effect

In the quark-gluon medium, there could
be multiple A-odd domains.

The net effect is like a
random walk, but P

one-dimensional.
< A ==

il
=]
£

What do we know about the position £, after 7 steps?
R, follows a Gaussian distribution: 7zea7 = 0, and 775 = \/;

Our measurement of PV is like /£,°, expected to be 7.
Compared with going in one fixed direction, where 2,7 = 7-,
the "random-walk" measurement 1s diluted by a factor ~# ~/WV,,,. 24
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Two-particle correlation changes| significantly with beam energy.




*
(Yos ) Yss) Npart

part

*
(Ve = Tss)

Possible physics background

0.0255 * 200 GeV Au+Au @\"‘p\\o ¥ ¥ ﬂ @ Q
- R ) .
0.02— ﬁ @
: ‘\ff‘&\ é . . o .
RE 70-80%| 3
L e"\“ ."‘. "",1-.
- ; : \‘_, :
0.01— .
=0
0.005[ -0 5),0 ? ® 193 GeV U+U =
a _— * N
R i
e
0 100 200 300 200
Nspec = 2*A Npart
0.0255 ¥ 200 GeV Au+Au /”Ea‘
- P
002l ® 193 GeV U+U L Eﬂ ‘
C ; .
0.015— 70-80%
C e _
0.01 o = {(co
= 05% ;!
0.005— . +
0_ | g L | | | |
0 3 L 1

v,{n sub} (%)

STAR —e—
0.04 BlastWave {%:{l] —— y
BlastWave —e—
0.03 -
0.02 -
00t} 7/ |
' Pratt, Phys.Rev.C83:014913,2011
D 1 1 1 1 1 1

charge conservation/cluster + v,

0 10 20 30 40 50 60 70
% centrality

(cos(pa + &5 — 2¥Rp))
((”cx + ”3 Zril-re*f-?) -+ 2(@-%5 — EPRP))}

freq %\( 0“1(”& + ”5 Qf-fj-res)} U2 res
N ch

26



1.5

0.5

0.5

051 15 2 25 3 05115 2 25 3 05 1 15 2 25 3
:l I I I I I [ [ [ [ [ I I [ [ [ [ [ I I I I I [ [ I I I I I [ [ [ [ [ I
‘\‘ U¢—0 —e— _.,L G{p=0 —e— 0¢=0.106.T[ —e—— |
| STAR -—+— T, STAR —e— To STAR +--e-t 7
RN 0-5% T "% 5-10% ‘I':‘\' 10-20% |
i D-.‘X\N i - "“Iiratt, Phys.Rev.C83:014913,2011
o Patteasss L "Ptsessggeeg L "Mretegees,
0¢=0.176:r e T D'q}=0.212?[ e 0¢=0.282:r —e 7
- STAR +--et - STAR e STAR et -
—"\\ 20-30% 30-40% Tgqngy 40-50% |
L _ L l“ _
i *oe ] i oo, |
| | | | | | | I'.I.:. | | | | | |‘|.'|.'|."|..T.h 05 ) ) ) “"...“m
| | | | | | | | | | | | | | | | | | | | | | |= ad [
O ~
B 0¢=0.353:[ e 7 Gq}=0.4247[ . B “-455_
- STAR :--e--t A STAR e 5 o4
- - PP
B 50-60% 60-70% 8 0.35— ﬂ_{»%{*“’*‘**
*eege S T PP PIPOUNTEr SR PP e v ST L S DUPP RS P SPOPY
- ."'H-‘. - “eeeese @ 025
| | | | | | | | | | | | | | | | | | | | | | | ulzi_
0.152— MC simulation (no radial flow)
“E . a,= 0, v,=5% M=200
B 1 f . %5 o a;=2%,v,=5%, M=200
a ance unctlon 00_| L1 |0.I5| | -‘I| L1 1 |1.I5| L1 |:|! L1 1 |2.|5| L1 |:|! 1

Ao



