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_ Motivaton Monte Carlo study
» Strong magnetic field in heavy ion collisions » Momentum and invariant mass dependence
e Expected to be created in non-central collisions e Comparison with two type observables
e The magnitude of the field reaches about 10** Teslas @ RHIC e Observable 2 can separate the direction of polarization
e Time evolution of the field and centrality dependence - Candidate for electron-pair asymmetry observable
are estimated by theories [1] : e — T : e Ty —
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vacuum birefringence . ngles e Ween rererence an €cay plane .. = Observablel
° Synch rotron radiation / ?  Need to estimate acceptance effect : ey
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o Inv. Mass 300MeV/c? . Momentum 3 GeV/c
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* |ts probability depends on the field direction N S N A cond e 1 Gev/c
- Calculated with the vacuum polarization tensor e e e Dotted line 10 GeV/c
|n a Strong magnehc ﬁeld [2] Y I Magnetic field Angle between reference and decay plane Angle between reference and decay plane
- The decay probability parallel to the field is z °©

e* Analysis overview
X » Monte Carlo simulation

higher than perpendicular to the field
» How to measure this asymmetry

e A new observable e_»’ ! e Simulation for two-body decay with the asymmetry
- Using ratios of number of electron pairs 1 direction z'direcﬁon - Determine which observable is good
p _Nea=Noiw  p _ Noow=Noyou - Estimate invariant mass and momentum dependence on polarization
in | | out N N . .
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I.O (Perpen cular fo the magnetic 1ie ) e The magnetic field direction ‘k” and reaction plane ‘Y
- Signal expected region Pom — Pm L e 1
Signal + acceptance difference P = - Randomly direction of the magnetic field in X-Y plane
A(1+P)-B(1-P) 1-P P - Reaction plane Y can be calculated by ‘«k - /2’
" A(1+P)+B(1-P) A: ¢ acceptance e Electron-pair from virtual photon
e OQut-of-plane (parallel to the magnetic field) 5N acceptance - Create 3 types of polarization
. P: Polarization .
- To use acceptance cancellation N: Number of electron pairs 1.) Non polarized
- Acceptance difference N,: Perpendicular to the field 2.) Perfectly polarized perpendicular to the field
» _A-B N,: Parallel to the field 3.) Perfectly polarized parallel to the field
A+E » How to calculate electron-pair asymmetry Refc
Probes for the field detection 1. Divide into in-plane and out-of-plane w.r.t reaction plane
e Use the phi angle of electron pair and reaction plane ¢ X-Z plane = Reaction plane
> Requirements for probes % 2. Calculate decay plane with cross product of electron and pbsitron
e Originating from initial stage v’ IR 3. Classify the direction of decay plane into ‘¢’ and ‘n’ direction
e Electro-magnetic probes \E' e Use the angle between decay plane and reference planes
- Reference planes
»> Probes from pQCD process o “Observable 1: (5. + 5, )x(7., +F.).
e.dg. Direct photons, virtual photons Cross product of electron-pair momentum and its projection to reaction plane (X-Z plane)

This observable depends on both virtual photon momentum and reaction plane
- Observable 2: (EX X EY)

» Control processes from later stage

e.g. Decay photons, Dalitz decay electrons Cross product of X and Y axis unit-vector
This observable is independent of reaction plane and the vector is always towards beam axis

PHENIX detector Summary & Outlook

» Strong magnetic field is expected to be created in
heavy ion collisions

» Time evolution and centrality dependence of the field
are discussed by theories but is yet to be detected
experimentally

» We propose a new observable to detect the field

» We estimate invariant mass and momentum of virtual
photon dependence on measured polarization

» We need to estimate acceptance effect. It helps to
understand the properties of observable

» Background contributions are under study
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Has an excellent elD capability 1014 Tesla
Acceptance Adp=m, |n| <0.35

> Electron identification

e Ring-imaging Cherenkov detector
e Electro-Magnetic Calorimeter

> Momentum measurement
e Drift Chamber Magnetar Surface

» Centrality and Reaction Plane
e Beam-Beam Counter Ax10° 'I\'esla
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