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Introduction

The discrete symmetries are represented by the following operators:

% Charge Conjugation (C): relates particles to their antiparticles.
* Time Reversal (T): reverses the direction of time.
% Parity (P): reflects spatial coordinates (mirror inversion).
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Introduction

The “©-1 puzzle”:

* Same mass, spin, charge...
% One of them decays into two pions and the other into three pions.
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Introduction

The “O-1 puzzle”:

* Madame Wu experiment

% P violated in weak interactions

O - P=(—1)°=+1

T P=(-1=-1 U

-

Experimental Test of Parity Conservation

in Beta Decay*
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(Received January 15, 1957)
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CP Violation in Positronium

The Positronium:

% The singlet state:
o Para-positronium (p-Ps):
m Antiparallel
m Two gamma rays

% The triplet state
o  Ortho-positronium (o-Ps):
m Parallel
m Three gamma rays
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CP Violation in Positronium

% Angular correlation:

W as a function of y;; (degrees). ¢, on [0, /3]
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Methods and Materials

* Under a Magnetic Field:

= cosf |1,0) +sinf |0, 0)
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Positronium Energy Levels under Magnetic Field
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Methods and Materials

The Experiment:

% The CP Violation will occur when: E E
— Cop (S5 (S ky x K Q 1 & X2
Q=Ccp 1 1 X R S A
P |
=Ccop 72 - sin(20) sin 1 cos q5> I
|

% Polarization tensor:
P, — Ni1—2Nyg+ N_4
Niyp+ No+ Ny




Methods and Materials

* Mesured C_:
o 0.0013 + 0.0021(stat.) + 0.0006(sys.)
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Search for C'P-violation in Positronium Decay

T. Yamazaki, T. Namba, S. Asai, and T. Kobayashi
Department of Physics, Graduate School of Science,
and International Center for Elementary Particle Physics,
University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
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Methods and Materials

The Nossa Caixa spectrometer device
% Arranged in a compact geometry with a temporal
resolution of = 3.7(5) ns
o +45° +90° and £135°
o 38% of a 4m solid angle

New spectrometer projects for challenging particle-
gamma measurements of nuclear reactions

To cite this article: J R B Oliveira et al 2018 J. Phys.: Conf. Ser. 1058 012040

Testes do novo espectrdmetro gama Nossa Caixa com a
reacio de ''B + 12'Sn
Caio Eduardo Cabral de Vasconcellos
Master's thesis




Methods and Materials

Formation of Positronium in MgO:

% Thousands of collisions with the grains
o Capturing a surface electron
o Energetically forbidden to re-enter a grain

% Short-range repulsive forces:
o Create small void gaps

MgO grains




Methods and Materials

Under a magnetic field (B):
* Mixing the m_= 0 states:

o Changing the properties
o Allows the manipulation of th
half-life of the m_= 0
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Search for CP-Violation in ortho-Positronium Decay
T.E. Haugenl, E.A. George2, O. Naviliat-Cuncicl,3, P.A. Voytas?2

Positronium Energy Levels under Magnetic Field
(B=0.6 T =1~ 15 ns, spectral asymmetry observable)
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Obtained Data

Biparametric Energy Spectrum:
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Obtained Data

Time spectrum — region 300-400 / 400-430 keV (487 events)

Time resolution: ~4ns. : T
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Conclusion and Future Steps

% Conclusion:
o Limited statistics
= 24 hours of experimental run
= °*Cu:t~12hours
= The count's in the region of interest was limited

% Future steps:
o Finalize the simulation in Geant4
o Repeat the experiment
= ’Na: 71~ 2.6 years









Introduction

% The Standard Model allows CP Violation through:

*

©)

Phases Mixing Matrices
m CKM and PMNS

Clean Signals:

@)

Neutral systems:
m Kaons
m B-Mesons
m Z-Bosons
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CP Violation in Positronium

% A.Oreand J. L. Powell: 0] — ore & Powell (analytic)
o C=+1 -»two gamma rays
o C=-1->three gamma rays
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PHYSICAL REVIEW VOLUME 75, NUMBER 11 JUNE 1, 1949

Three-Photon Annihilation of an Electron-Positron Pair

A. Ore* axp J. L. PoweLL*
Institute for Nuclear Studies, University of Chicago, Chicago, Illinots
(Received January 12, 1949)




Methods and Materials

The experiment:

The positron is produced by a copper source and
combines with an electron trapped between the
grains of magnesium oxide.

z
Magnetic Field 6kG

Neodymium magnet

Radioactive Source (**Cu)
ﬁ Plastic Scintillator

Magnesium Oxide




Methods and Materials

The Nossa Caixa spectrometer device
% Two orthogonal rings:

o 12 LYSO(Ce) scintillators

o 3x3 pixels coupled to SiPMs

Power resolution FWHM (%)

Energy resolution at half height of the LYSO detector (FWHM)
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Methods and Materials

Open SCAD:

* Intuitive
o Script Based
o Descriptive language
o Parametric Control

% Easytolearn =77 ==

6 & W oo~ » @ LD
59 union(){
60 translate([-9,5,0])cube([18,10,48.7]);
ree 61 translate([-9,-15,0])cube([18,10,48.7]1);
6261 hulL O {
63 color("purple”)translate([0,0,3])cylinder(42.5
£ ,12.5;12.5);
6461 color("orange")translate([0,0,38.8])cylinder(
10,15,15);}}{
65 rotate([0,90,0])translate([-46,-10,-40])cylinder(
80,1.8,1.8);
66 rotate([0,90,0])translate([-46,10,-40])cylinder (80
,1.8,1.8);
67 | 1
68 )
69 i
70 | {
71 *translate([2,0,0])cylinder(50,1,1,true); Jz 1
72 =
73 color("pink”)translate([0,0,13])suportesimetrico(); L ’
74 translate([0,0,-3]) tamborim(); i
75 translate([0,0,2]) tamborim(); = i
76 color("lightblue")translate([0,0,-73])suporte(); Y@ A Qa0 @vdved g8 ks
;; color("pink”)translate([0,0,0])encaixe(); coneate -
7 CGAL cache size in bytes: 0 -
79 Compiling esign (CSG Products normalization)...
80 Normalized tree has 50 slements!
81E/* Compile and preview finished.
82 | //Imas: Total rendering time: 0:00:00.023
83 | color("gray”)translate([0,0,16.5])cylinder(10,12.5,12.5); =
84 | color("gray")translate([0,0,-13])cylinder(10,12.5,12.5); ~| | Emor-log | Console

Viewport: translate = [ 5.88 21.40 -14.76 ], rotate = [ 7110 0.00 134.20 , distance = 325.23, fov = 22.50 (675x464) OpensCAD 2021.01




Methods and Materials

o Toow A\ werde
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* Developed by CAEN = e o=
% Module control and operation i — |

* Master/Slave
*

Graphical interface

Trigger —> Channel Ref




Obtained Data

Energy Spectrum:

Intermediate states

Excitation | Deexcitation
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Obtained Data

Corrected At — All Boards and Channels (Runs 9, 10, 11)
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% All energies
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Obtained Data

Run 9 — Board 1 — Channel 0 Corrected Board 1 — Channel 0
T T
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Obtained Data

% Other ongoing experiments aim to increase sensitivity.

/ Search for CP-Violation in ortho-Positronium Decay \

Tom-Erik Haugen'"*, Elizabeth A. George?, Oscar Naviliat-Cuncic'?, and Paul A. Voytas?
IFacility for Rare Isotope Beams, and Department of Physics and Astronomy, Michigan State Univer-
sity, East Lansing, Mi, USA

2Wittenberg University, Springfield, Oh, USA

K'*Laboratoire de Physique Corpusculaire de Caen, and Université de Caen Normandie, Caen, France /




