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CP violation in QCD
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B Gauge field configurations can be characterized by
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CP violation in QCD

® |n QCD topologically non-trivial configurations of gauge fields can exist (instantons)

B Gauge field configurations can be characterized by an integer topological (invariant)
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B Statistical treatment: with chemical potential p

The local partial conservation of the axial current is afflicted by gluon anomaly
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It must survive for a sizeable lifetime in a heavy-ion fireball,

(ATs) #0 for Af = 7goha = 5 + 10 fm/c;
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Observables for Local parity violation in QCD

(STAR Collaboration)
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Effective meson theory in a medium with LPB The decays {jﬁ — ﬁ-i»},:
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Vector meson dominance in LPB medium
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Experimental possibilities in heavy ion collisions at the LHC
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Pythia 8.2, Monte Carlo results (perfect detector response) - Pb-Pb at 5.02 TeV

All: p.=0.1 GeV
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Monte Carlo in ALICE Run 3 conditions (with detector responce resolution)

All: p.=0.1 GeV
No angular 6, selection

£ E £ 25000
§ 2200:— . § -
2000 P,W — PH -
1800 20000
1600 — i
1400;— 15000 —
1200 L
1000 — -
- 10000{—
800 L
600 B
400~ 50007
200 B
[o) 0_-"'?"1—-—0—L1 L Az
0 2 0 02 2
mllLL mee
0.4<cos 6, <0.5 0.4<cos 6, <0.5
9 -
S 250 2 1400
Q - 3 L
i | T
- 1200{— J
200|— B
- 1000[—
150 — 800
- 600(—
100— B
- a00|—
50— O
B 200 —
C 1 | 111 | 1 11 1 11 1 111 11 rh_l 1 1L | 11 1 [ | | I—-h;l_.&._JAL L
0oz 04 o8 o8 1 1z 14 16 18 2 I S T R VR TN N R
m m

p,,>0.5 GeV, p,, >0.5 GeV ““ p,>0.15 GeV, p, >0.4 GeV



Influence of the fluctuation of p, (ALICE Run 3 conditions)
All: 0.4<cos 0, <0.5
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Setup

> Relativistic viscous hydrodynamics MUSIC* (boost-invariant mode)
> Glauber initial conditions

> Central Pb-Pb collisions at 5.02 TeV (0<b<2 fm)

> Lattice EOS hotQCD (no dependence in EOS on y, assumed)

> Freeze-out at Ed=0.18 GeV/fm?3.

> Axial charge bubbles in the initial conditions

Initial energy density and topological charge density distributions in the transverse plane:
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Axial charge density evolution

> example event

Initial Ed~60 GeV /fm?® ©=0.6 fm Ed=0.98 GeV/fm?, t=6 fm freeze-out: Ed=0.18 GeV/fm?,t~10 fm
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Regions of local axial charge excess stays throughout the entire
hydro-dynamical evolution of the medium
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Axial charge distribution at freeze-out

> |p,| distribution in transverse plane:
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counts

Influence of the p, fluctuation on the observation of polarization splitting
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Conclusions

> The angular analysis of low-mass di-lepton production is
sensitive to vector meson polarisation splitting
allowing to search for the local violation of spatial parity in QCD.

> Regions of local axial charge excess survive in the medium
throughout the entire hydro-dynamical evolution up to freeze-out

> The of fluctuation of the axial chemical potential induced by the
evolution of the medium in AA collisions is at the level of 40%,
which leaves the room for the search of vector meson polarisation
splitting in the LHC Run 3 data.

14



Backup



Ps ~

Backup

oy ), e | .
T Jo o +1 0 e +1
P, GeVv?: |
0.101
III.E]S-S

04 -03 -02 -04°0] 01 02 03 D04

-0.051 Hs, GeV

~0.10-




counts

dN/dM [dimuons per 10 MeVic?]

6000 [—
5000 |—
4000 |—
3000 —
2000 |—
1000 |—
oY e B T P B it neree R S I
o 0.2 0.4 0.6 0.8 1 1.2 1.4
le.Ll.
Hp
MUOMN + MFT : 1.0 = = 10.0 GeV/c
w1 T
| S Expected Stat borl_ » 100 W
Coctil wihon
el s pp
B0 — Fapp 0G5 \
 Papp nawediore 55 ‘
60 — ¥
'.ﬁ.
L]
- -
-' I'
-
40 — . “'.. e
.
. . il
. .
20 \___
-l ) ;""_Fh‘
S il Kh_h_
u 1T T TrTr T T T T T T T T I_ L | 1 LI I
| I I | [ |

1] 02 04 0.6 0.8 1 1.2 1.4

Mass [GeVic?]

Backup

counts

dN/dM, g

60000

50000

40000

30000

20000

10000

]
|\I\|\|IIl\HI‘IIH‘HH|HHMIH

(]

p: = 0.2 GeV/c
0.0 < p = 3.0
L =]

CC — 8e [T XU
2.5E9 "'measure
Syst. err. bkg. |




CP violation in QCD

Vafa-Witten theorem: vector-like global symmetries such as parity, charge conjugation, isospin
and baryon number in vector-like gauge theories like QCD cannot be spontaneously broken
while the 0 angle is zero

However this theorem does not apply to dense QCD matter where the partition function is not
any more positive definite due to the presence of a highly non-trivial fermion determinant. In
addition, out-of-equilibrium symmetry-breaking effects driven by finite temperatures are not
forbidden by the Vafa-Witten theorem.

Lorentz—non-invariant P -odd operators are allowed to have non-zero expectation values at
finite density y > 0 and finite temperature if the system is out of Equilibrium.

P — and CP - odd bubbles may appear in a finite volume due to large topological fluctuations in
a hot medium

"{-:{.QL'IJ _ Gr,uy aa

jLv

DI,:) igGiN", G, = 0,Gi —0,G% + gf"™ G,

ity

+ q(iy" Dy, —m)q,

10~

¢ M

.
f-term ALy =0 l“f T ( i )

b



Chiral Magnetic Effect (CME)

Chiral Magnetic, Separation Effect:
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Chiral Magnetic Effect (CME) in ALICE
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New Possiblilities

Parity forbidden decays

Effective meson theory in a medium with LPB
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New Possiblilities

Parity forbidden decays

Effective meson theory in a medium with LPB
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After diagonalization the new eigen-states appear: i and ay.
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New Possiblilities
DILEPTON POLARIZATION ANALYSIS
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New Possibilities
DILEPTON POLARIZATION ANALYSIS

INpw - I' DECAYS
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Monte Carlo setup

> Pythia 8.2 (Angantyr for heavy ion collisions, Pb+Pb, 5.02 TeV)
> Enhanced fraction of rho and omega leptonic decay channels
> Acceptance -0.8<eta<0.8 for di-Electrons, -3.6<eta<-2.45 for di-Muons

> Detector responce estimated using TDR resolutions/predictions (no fully
detector modelling for this study yet)

> Focus on resolution of dimuon invariant mass studies (leaving
significance/signal-over-background optimisation)

> Run 1+2 and Run 3 conditions
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Monte Carlo with smearing (Run 1+2 conditions)

All: u=0.1 GeV
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Future steps

> Full treatment of the statistical requirements and signal+background
modelling

> Checking the effects of radial flow and its fluctuation (probably, other event
generator will be needed)

> Full modelling of the detector response

> Analysis of real data

> Feasibility studies at NICA energy:

both theoretical (large p, +non-zero p_ ) and experimental/metodological
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