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pressure Jg=T gravity
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Life of a High Mass Star

Several light
«— Yyears —»

i,
N

Interstellar cloud

Massive star
—_— O —

Pulsating
yellow giant

o <+

Black hole or
neutron star

Supernova explosion Red giant










The Elements of Life

Hydrogen

Carbon
Nitrogen

Oxygen

Sulfur
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Questions?






In 1967, a radio source emitting regular, 0.04-second
long pulses every 1.3373 seconds was found
(Jocelyn Bell Burnell) for the first time




Instead, it turned out to be
radio emissions from a
pulsar, PSR B1919+21, the
first one ever identified as
such.



Neutron Star
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To achieve this density of a neutron
star at home, just cram a herd of 50
million elephants into the volume of
a thimble.

— e de(Grasse Tyson —




Black Hole
M=15M,,
Rs=4.5 km

Neutron Star
M=1.5 M,
R~10 km






A NEUTRON STAR: SURFACE and INTERIOR
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Particle Zoo

Quark ‘//.

' L3
° 4
Photon ‘Dark ) K ®
Energlfe RITE’ o

e ‘ ‘ ) ?
L

. . ‘ ® Neutrino
Graviton




Strange Charm  Top




electron
<10"%cm

proton
(neutron)

nucleus
~10""%cm

atom~10°cm




STANDARD MODEL OF ELEMENTARY PARTICLES
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The Standard Model

prolon .
(6 types of quarksup, down, >
charm, strange, top and bottom)



How strong in the strange matter
interacting with the “normal” (u, d)
matter?




Matter-antimatter colliders

ADA (1961)

Sito Storico della
Societa Europea di
Fisica — EPS

European PrysicaL socieTy - EPS Historic Sime
THE ADA STORAGE RitiG AT THE INFN FRASCATI NATIONAL LABORATORIES
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Sito Storico peLLa Saciera Europea oi Fisica - EPS
LANELLO D) ACCIIAURAZIONE ADA DEILABORATAR NAZICNALIDI FRASCAT!
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Observing on fixed target

synchrotron

| o/ I detectors
T

LINAC e,ep .

Matter is mainly empty
All those particles which did not interact get lost
Energy loss by moving the center of mass
Target is complex



First Frascati’s idea

detector

Accumulation ring

The non-interacting particles can be re-used in the
successive rounds

Collisions are performed in the center of mass frame

The circulating particles can be either elementary or
complex (nuclei or atoms)



Second Frascati’s idea

E=mc?
Bigger the energy is, more and more
particles can be studied

°Q



Matter-antimatter colliders

ADA (1961)

Sito Storico della
Societa Europea di
Fisica — EPS

European PrysicaL socieTy - EPS Historic Sime
THE ADA STORAGE RitiG AT THE INFN FRASCATI NATIONAL LABORATORIES
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Matter-antimatter colliders

ADONE (1969-1993)




Matter-antimatter colliders

DAFNE (1997)













Particle-antiparticle colliders

LEP at CERN 198

L N

LHC at Cern (Geneve) 2008
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Search: 30430174
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The DAFNE principle

Flux of produced kaons: about 1000/second



K- interaction
(contains the strange quark!)

e
0 00
1 9

Proton Neutron




STRUCTURE OF AN ATOM







Kaonic cascade and the
strong interaction




Kaonic atom formation

n ~ sqrt(M*/me) n’ ~ 25 (for K-p) e
(M* : K-p reduced mass)

highly-excited state Auger Electron

( 1) Initial capture )

deexcite




SIDDHARTA overview

Inside vacuum

127 MeV/c
Ap/p=0.1% I



In total 48 new SDD arrays will be used
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SIDDHARTA-2 Collaboration

Sllicon Drift Detector for Hadronic Atom Research by Timing Applications

HadronPhysicsz

>\{

VAR F °
45 N
WY I I
i il

s Ministero degli Affari Esteri
) e della Cooperazione Internazionale

LNF- INFN, Frascati, ltaly

SMI- OAW, Vienna, Austria
Politecnico, Milano, Italy

|[FIN — HH, Bucharest, Romania
TUM, Munich, Germany, Germany
RIKEN, Japan

Univ. Tokyo, Japan

Victoria Univ., Canada

Univ. Zagreb, Croatia

Helmhotlz Inst. Mainz, Germany
Univ. Jagellonian, Krakow



SIDDHARTA K-H measurement

i s . d f x102‘

3 I
) £ shift and width of states

2p  Nn>1larenegligible

Counts / 50 [eV]

K, ~ 63 keV
81, = EZp-h‘m““) - E:P_h(c.m.i

| &
40
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due to the strong interaction kaon-proton
the 1s level is shifted and broadened




SIDDHARTA-2 K-d measurement
(Monte Carlo simulation)

Kaonic deuterium run in 2020

800 pb’ to perform the first o

measurement of the strong
interaction induced energy
shift and width of the
kaonic deuterium ground
state (similar precision as K-

p)!
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SIDDHARTA-2 kaonic deuterium at DAFNE

Shevcheanov 2012
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#® Up Quark
® Down Quark Neutron Star Strange Quark Star

# Strange Quark

CONFINED
QUARKS QUARKS




We may also-learw something about
enegol relativity ond....beyond
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Credit: Adam Apollo






Some 1nfos on theory beyond




WE HAVE CALCIUM IN. OUR BONES. IRON IN
OUR VEINS. :

CARBON IN OUR SOULS. AND NITROGEN IN

OUR BRAINS.

93 PERCENT STARDUST -WITH SOULS MADE
_OF ‘FLAMES. - = _.

- WE ARE ALL JUST- STARS THAT HAVE FEOPLE
NAMES. SO .

— Nikita Gill.
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