






1 miliardo a. l.



















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.















Questions?















The Standard ModelThe Standard Model



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

matter?



ADA (1961)

Matter-antimatter colliders

Sito Storico della 
Società Europea di 
Fisica – EPS



Observing on fixed targetObserving on fixed target

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

synchrotron

LINAC

target Σ

Λ

π+/−

e-,e+,p …
p, n, etc

detectors



First Frascati’s ideaFirst Frascati’s idea

• 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)

detector

Accumulation ring Bruno Touschek
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Second Frascati’s ideaSecond Frascati’s idea
τ +τ +

τ -τ -

e-e-

e+e+

E = 2me c2E = 2mµ c2E = 2mτ c2

E = m c2

Bigger  the energy is, more and more 
particles can be studied
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Matter-antimatter colliders

Sito Storico della 
Società Europea di 
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ADONE (1969-1993)  



DAFNE (1997)









Particle-antiparticle collidersParticle-antiparticle colliders
ADA at Frascati 1959

ADONE at Frascati in 1969  
DAΦNELEP at CERN 1988 

LHC at Cern (Geneve) 2008  











Questions?



Kaonic atoms spectroscopy: Kaonic atoms spectroscopy: 



DAΦNEDAΦNE
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The DAFNE principleThe DAFNE principle



K- interaction 
(contains the strange quark!)







Kaonic cascade and the 
strong interaction
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The strong int. width > Radiative trans. widthThe strong int. width > Radiative trans. width

Kaonic atom formation

K-K-

e-e-

Auger Electron

NucleusNucleus

2) Cascade

1) Initial capture

3) Strong interaction

stopped in a target mediumstopped in a target medium

4) Absorption

K-K- X-ray

Shift and Width
of last orbit

e.g. • 1s for K-p, K-d
• 2p for K-He

highly-excited state

deexcite

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

K-K-
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SIDDHARTA overview

510 MeV/c510 MeV/c

510 MeV/c510 MeV/c
127 MeV/c
Δp/p=0.1%
127 MeV/c
Δp/p=0.1%

TargetTarget



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





SIDDHARTINO installed on DAFNE (17 April 2019)SIDDHARTINO installed on DAFNE (17 April 2019)



SIDDHARTA-2 Collaboration
SIlicon Drift Detector for Hadronic Atom Research by Timing Applications

LNF- INFN, Frascati, Italy
SMI- ÖAW, Vienna, Austria
Politecnico, Milano, Italy
IFIN – 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



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

QED
Kα

Kβ

Khigh

achievable 
precision:
shift: 30 eV
width: 75 eV

achievable 
precision:
shift: 30 eV
width: 75 eV

Kaonic deuterium run in 2020
800 pb-1 to perform the first
measurement of the strong
interaction induced energy
shift and width of the
kaonic deuterium ground
state (similar precision as K-

p) !



SIDDHARTA-2 kaonic deuterium at DAFNE
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We may also learn something about 
general relativity and….beyond



Credit: Adam Apollo





Some infos on theory beyond 
SM?






