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Mofivation CP symmetry in QCD

Heavy ion collisions

Problem formulation

@ The QCD Lagrangian has natural terms that are able to
break the CP symmetry.

@ There are no such experimentally known violation in QCD

sector.
@ The QCD vacuum topology may cause local domains with
N, — Ng # 0.
energy Sphaleron Q=-1
P N2 < Instanton 0=1 : 2 g
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Motivation CP symmetry in QCD

Heavy ion collisions

Chiral Magnetic Effect

Separation of the charged particles via background magnetic
field in local region is called Chiral Magnetic Effect. }

@ At \/syv ~ 10?2 GeV, magnetic field must be around
eB ~ 102 — 10% MeV? (~ 10'° — 10'6G).

@ Charged particles separate around overlap region.
Correlation between this particles could be measured
experimentally.

Ay = NS — N — (A%), (AL A_) — Measurment of the
effect.
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Motivation CP symmetry in QCD

Heavy ion collisions

Scheme of the collisions

Symmetric type of the

¥
Reaction nuclear collisions.
Pl } Yy @f R — is the nucleon ra-
&w dius, b — impact param-
y] eter.
X (defines W)
0<b<2R
7 e Asymmetric type of the collsions.
/ Voo Impact parameter lies in the range:
= s p——l
|Re — Ry| < b < Re + Ry
S & SOM
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Magnetic field

Results
Correlators

Parametrisations of the nuclear density

Rigid sphere model

2
PO = 2
57’[’

Fermi based model

X
P = N
T+e &

b RE-R2,\?
ye(Xy) = \/R12,2 (x’LiEZF 22b 19L>

 SOM
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@ Similar work with Wood-Saxon distribution was made by Yu-Junj|
Mo in Phys. Rev. C88 (2013) 2, 024901.
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Results

Magnetic field
Correlators

eB(7) in heavy ion collisions
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Magnetic field
Correlators

Correlator’s ratio

i Cu+Cu - ‘ T Au+l‘\u ‘ B x ) o Rat|0
N : T _ 1 depends on
T . : T . ] sizeofthe
o4 - = WR,, =07 1 . 1 SyStemS
0.2r, = . " MRy =115 T . . 1

f;{\] o - MRL=20 | . T Lt | OnIy.

S e ] e 0 0] o Parameter 4
08 . 1 is scalable,
od .o ] so we fix R.
0.2r L . + . . 1

or . e = " I 4

Centrality, %
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Magnetic field
Correlators

Results

Correlators (A2) = (A2)

Rigid sphere Au+Au Fermi based mode Au+Au
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Magnetic field
Correlators

Cu+Cu ’ model Cu+Cu
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Magnetic field

Results
Correlators

Correlators (A2) = (A2)

Pb+Pb at 2.76 TeV U+U at 193 GeV
A T T T T T A T T T T T
o [
1= = v [l
E = e . E
= — i "o 3
N - - 1 r - - 1
L . . r n u 4
L] o - E L] - Bl
107 ° - o o - — o g o 5 L] .
£ o - o E| 10k o a o -
e o o o E = o al . o 3
r o ™ b £ o " |
L o 1 ]
[° O Fermi = bR-07 o B P DEI F m bR=07 o b
 bR=1.15 n L ermi u bR-115 n |
102 W Heaviside bR =20 o . = W Heaviside bR=20 o [
b I I I I I I o 3 1025 I I | I I I I o 3
09 5A0 1020 5030 5080 4050 360 010 1080 00 5AT 020 0 5080 4050 (0P 0 T0 1080
Centrality, % Centrality, %

The energy dependance is unsignificant. The multiplicity of
charged particles is the main contribution to the energy
dependance which can be observed experimentally.

SOM
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Summary

Summary

@ The eB as function of time has been computed in AuAu,
CuCu, CuAu and PbPb collisions. The value satisfies
theoretical requirements.

@ Correlator’s ratio was computed and depends on the size
of the system.

@ Absolute values of the correlators rises unsignificantly with
energy.

@ Further work:
o Need to take into account multiplicity of the charged
particles.
e Experimentally measured correlators for opposite charged
particles larger than ones for same charges. This
contradicts to our results.
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Appendix Backup

Results of the computation with multiplicity of the
charged particles
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Appendix Backup

Computation formulae 1

Correlators

d(A2) . : 2 2 2 7 b
d LA , 2 , Tf |
<Ad77]A> = —4KZOCS |:Z qf:| ‘;/d XIL£+ (X,L) 57 (XIL) /dTT [eB (T7 7771L):| .

Normalization of Fermi based model

2
4ra [RZ In (1 T eg) + 2RalLi (—ef’i) — 222 (—e

NF =

R
a

) -32¢®)] WM
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Appendix Backup

Computation formulae 2

Correlator’s ratio

2 [ 0PX, &, (X,)E (X))

AAL] v
A% Vfdz’ﬂ €5 (%)) +€2 (x))]
i
—lyx (¥ )y
s (4) = 2

b , R

2 2—R2\?
- Fi1—(x’l—§+T), V) (left) < x <0

- 2_ g2\ 2
\/RS 3 (Xl Iy Ff22bH1) , 0 < x < Vy(right) W™

ssssssss

Y+ (’ﬂ) =—y- (’(L)
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Appendix Backup

Computation formulae 3

eBE'2 = 2120, sinh(Yp) / dleplz(xl)“ - Qjﬁz(il)]x

% (X, —x1) xe; x, =x12 = R3.— Ri,
[(X, — X, )2+ (7 sinh( Yo T ))2]? - 2b

Participants

Yo
eB;"? = +taem / d*x, / dYf(Y)sinh(Y)x
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x (Z'pL(X1)0% (X1) + 222 (X1 )65 (X))
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Appendix Backup

Computation formulae 4

Integral boundaries

min R: b R:—R? b R2—R2\2
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Appendix Backup

Computation formulae 5
Approximation for the magnetic field

eB = eB, + eBs ~ Zagy [ceyz0 L f (b) + 4 2% b]
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Appendix Backup

Computation formulae 6
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Appendix Backup

Computation formulae 7

b2
py-a
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