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Matter-antimatter symmetry : CPT tests

[ Symmetry is fundamental in describing the world. Looking for any violation
yield new physics
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9@ P- violation : proposed by Lee and

Yang. Confirmed by Wu in 1956 4@ CP- violation : Cronin and Fitch, 1964



CPT is still a hot topic of interest

BaBar (SLAC): Ty, A S~ AEGIS (CERN):
| CPT violation in B ——— antimatter gravity.
¥ meson system.

! Belle (KEK):
"» CPT violation in
@ decays of B meson.

ATRAP (CERN):
antimatter magnetic
moment etc.

CPLEAR (CERN):
CPT violation in
neutral kaon system.

iy ALPHA (CERN):
& antimatter gravity,
charge, etc.

E= ALICE (CERN):

Antinuclei mass.
Nature physics 11 811 (2015)
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A subset of CPT test

Fig. taken from “J. Chen et al./Phys. Rept. 760 (2018) 1”
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M An especially precise test is provided by the magnitude of the mass difference
between Kaons. Many other tests present no CPT violations 4



(Anti)(hyper)nuclei production in HIC

d?N/2npLdp.dy (c?/GeV?)
3 3 3
(o] N N

—_
9
(o]

SHe

4He

102
100 o
3He cj
Y Au+Au @ 200 GeV
STAR. Nature 473, 355 (2011)
10- -10
-6

0

2 4 6

Baryon number

STAR. Science 328, 58 (2010)
Particle type

Ratio

T /3
SH/ZH

He /3He
3T 3Ta
XH/ He
SH/’He

0.49 + 0.18 + 0.07
0.45 + 0.02 + 0.04
0.89 + 0.28 + 0.13
0.82 + 0.16 + 0.12

ALICE

1072

—h
<
N
T \HHH‘ T \HHH‘ T \HHH‘ TTTI

ALICE. Nucl. Phys. A 971, 1 (2018)
0-10% Pb-Pb, \[s,,, = 2.76 TeV

22 I I A R S RN S S R
0743 2 1 0 1 2 3 4

[ With abundantly produced
antinucleons, RHIC and LHC are
ideal machine for antimatter
production

[4 The production reduction factor is
up to 103 at RHIC and 300 at
LHC, limited to A<4 system



ALICE measurements

L d +20 TPC dE/dx cut
19 GeV/c<p/|z| <2.0 GeV/c

*He 426 TPC dE/dx cut
1.5GeV/c<p/|z| < 2.0 GeV/c

2.0 25 3.0
(m/2)%0 (GeVZ/c*)

(M/2)%10p (GeVZ/c*)

A -
P4 _ (0.940.5(stat.) & 14(syst.)) x 10~
MHd
A J—
Fonete _ (1.240.9(stat.) £ 1.0(syst.)) x 10
M3te

w

m,, (GeV/c)

-8 ALICE
® \ 3He-3He == CPT prediction -0
{o d-d
N B R I *He-3He [P 18
-0.002 -0.001 0.00 0.001 0.002 '
Am/|z])/(m/|z]) '
[ _ ' —6
3He-3He é
—&—— ANT7I
H (Am/m)
4
| d-d . } :
——6—— DOR65 d-d —C—
— B MAS65 ———— DEN7I,KES99 |2
I R S R R | i | o
-010 -005 000 005 010 -10 -05 0.0 05 10
A/ 2D pz/ (/121D Aepg/en
ALICE Col. Nat.Phys. 11 (2015) 811
Agda
=—0.04=£0.05 (stat.) £0.12 (syst.)
€a
A83Hesm
=0.2440.16 (stat.) =£0.18 (syst.)
83He

[4 The high precision data with one to two orders of magnitude improvements,
are compatible with zero and represent a CPT invariance test in systems

bound by nuclear forces.



Extend the nuclei sector with strangeness
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Heavy ion collider as a hyperon factory

Nuclear collisions and the QGP expansion o
collision evolution particle (ZHyperOn I’ate |S hlgh at

m—— . RHIC and LHC, lab. for
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Hyperons in neutron stars

l?_nyperon puzzle

« Hyperons are predicted to exist inside neutron stars at densities exceeding 2-3po
* The inner core of NS is so dense, Pauli blocking prevents hyperons from decaying by

limiting the phase space available to nucleons

» The presence of hyperon reduces the maximum mass of neutron stars ~0.5-1.2Mo

* However, new observation for large mass of NS!

P. Demorest et al., Nature 467 (2010) 1081; Antoniadis et al., Science 340 (2013) 448
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* Rijken and Schulze: inclusion of YY interactions add 0.3M to Mmax of NS

11 15

» Lonardoni: adding YNN stiffens EoS of NS, and increase the mass; solution to overbinding in s-shell hypernuclsi?



From hypernuclei to neutron stars

A GW from NS merger, provides new information on NS EoS, and new
constrains on radius and mass
The LIGO and Virgo Col., Phys. Rev. Lett. 119, 161101 (2017); Phys. Rev. Lett. 121, 161101 (2018)
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[4 Study on YNN interaction on-lab will provide constrains on EoS of NS
Lonardoni et al., Phys. Rev. Lett. 114 (2015); Wirth and Roth, Phys. Rev. Lett. 117 (2016) 10



Recent results on lifetime measurement
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Binding energy: an answer to Dalitz's question?

4 The early data suffers from large statistical uncertainty!
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“I| feel that we are far from seeing the end of this road. A good deal of theoretical
work on this 3-body system would still be well justified.” R H. Dalitz Nucl. Phys. A 754, 14 (2005) "




Our measurements with modern technology
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4 Strong Y-N interaction in hypernucleus

system
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New data yield stronger YNN interaction?

F. Hildenbrand and H.-W. Hammer, arXiv: 1904.05818
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[ The d-Lambda scattering length and hyper triton radius is strongly

depend on the binding energy. At fixed cutoff an increase in the
binding energy will require a more attractive three-body force

4 Our data require higher-order correction to the effective d-Lambda

assumption
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Summary

[4 Production of (anti)(hyper)nuclei in ultra relativistic heavy ion
collisions represents a unique opportunity to test the CPT
invariance of nucleon-nucleon interaction using light
(hyper)nuclei

A New measurements from STAR exp. open the (anti)
(hyper)nuclei window. The latest results is:

[ 1.1+ 1.0(stat.) + 0.5(syst.)] x 107

[4 High precision (anti)(hyper)nuclei data yield a conclusive
measurement of hyper triton binding E:
0.41 + 0.12(stat.) + 0.11(syst.) MeV
[ The increase in luminosity and detector upgrade allow the
sensitivity of current measurement to be pushed forward, i.e.,
the (anti)4He
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