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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak), Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model *
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Spin & the intrirsic angular momentum of particles. Spin is given in units of i, which is the
quantum unit of angular momentum, where h = M2z = 6.58x1073° GeV s = 1.05x10-% J 5

Electric charges are ?nm in units of the proton’s charge. In S1 units the electric charge of
the proton is 1.60x10"% coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeVic? (remember
£ = mc?), where 1 GeV = 107 &V = 1.60:107'? joule. The mass of the proton is 0.938 GeVic?
= 167107 kg
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BOSONS

9

gluon

Color Charge

Each quark carries one of three types of

“strong charge.” also called “color charge.”

These charges have nothing to do with the

colors of visible light. There are eight possible

types of color charge for gluons. Just as electri-
cally-charged partiches interact by exchanging photons, in strong interactions color-charged par-
tickes interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
imeractions and hence no color charnge.

Quarks Confined in Mesons and Baryons

One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of ghuons amang the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
gy in the color-force field between them increases. This energy eventually is corwerted into addi
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine o
hadrons; these are the particies seen to emerge. Two types of hadrors have been observed in
nature: mesons gg and baryons o9

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclel is due to residual
SLrONG interactions between their color-charged constituents. it is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. it can also be
viewed as the exchange of mesons between the hadroes.
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Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
od by a bar over the partiche symbol (unless « o - charge is shown)
Particle and antiparticle have identical mass and spin but opposite
charges. Some electrically neutral bosons (e.g., 2°, v, and n, = ¢, but not
K? = &) are their own antiparticles.

Figures

These diagrams are an artist’s conception of physical processes. They are
mOt exact and have no meaningful scale. Green shaded areas represent
the doud of gluons or the gluon field, and red lines the quark paths.
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The Particle Adventure
Visit the award-winning web feature The Particle Adventure at
httpe//ParticleAdventure.org
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Cosmos is the “ultimate” laboratory to study fundamental physics, up
to energy scales unreachable with the most powerful accelerators......
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Launch of AMS-02
on STS-134
May 16th 27th, 2011 @ 08:56 AM







Laboratorio SERMS
Polo Universitario di Terni
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AMS dataon ISS Electron 240 GeV, 22 May

Run/Event 1306023159 /120789 GMT Time 2011-142.00:18:04
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1 1

.

11

|

|

1




CERN POCC fully operational

Commissione 2 INFN, 27 Giugne 2011 46



Astrofisica all'energie dei MeV-GeV: Fermi-LAT

Contributi alla scienza con Fermi: 3C 273 and its Jet : e
- Cataloghi generale delle sorgenti

- Cataloghi delle sorgenti extragalattiche
Palomar Sky Survey

- Studio della variabilita temporale e pier

spettrale delle sorgenti extragalattiche

(AGN)

- Studi Multifrequenza di AGN
Altri contributi:

-Software per rilevazione di flaring
sources su tempi scale di 6 ore, un
giorno, una settimana

- Coordinamento di varie attivita della
Collaborazione Fermi-LAT

Markarian 421 - broad-band spectrum
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Fermi Large Area Telescope 2FGL catalog

AGN % AGN-Blazar 1873 Sorgenti Galaxy * Starburst Galaxy

L AGN-Non Blazar ’ Sx= g s e v Radio Galaxy + Seyfert Galaxy

Nova
PWN
Unassociated PSR w/PWN SNR

O Possible Association with SNR and PWN Globular Cluster HMB

Credit: Fermi Large Area Telescope Collaboration







- " Esperimento Virgo (Cascina) per la ricerca
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ADVANCED VIRGO (AdV)
2009-2014 Enhanced LIGO/Virgo:

Project approved by the 2008 o
CSN2-INFN
Reviewed by CCS —INFN
Class Ranking A
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We will explore a Universe volume 1000 times
larger than VIRGO
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ORVESSTS PTETTTE (Napoli-Perugia)

Spettrometro di massa associato ad un
Tandem per riconoscere i nuclei prodotti.
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2a. Mescolamenti magnetici e nucleosintesi

Busso et al. (2007) and Nordhaus et al. (2008) suggested that
magnetic buoyancy provides mixing of newly produced elements
to the stellar surface, accounting for the isotopic anomalies in red

giant stars.
Starting from MHD stellar models:

Navier-Stokes equations op

2tV (pT)=0 (1)
O p . 1_ 52 A
—+ v -Ve+=V -7 —=V - (KVT)+—=0 (2)
ot p p po
()l — _l ,
—+ v Tl—k Tp—F——)xB—I/Tz_O (3)
ot p pc
9B — —
U x(TxB)-A\W*B=0 (4)
ot

explain how mag. fields sample nucleosynthesis
products inside a star carrying them to the surface.



2b. COMMON EMERGING MAGNETIZED STRUCTURES:
THE SOLAR Q-SHAPED LOOPS (SOLAR CORONA)

Similar “conveyor belts” can explain the appearance of new elements at the surface
of evolved stars

THE ASTROPHYSICAL JOURNAL, 671:802—810, 2007 December 10

©) 2007. The American Astronomical Society. All rights reserved. Printed in U.S.A.

CAN EXTRA MIXING IN RGB AND AGB STARS BE ATTRIBUTED TO MAGNETIC MECHANISMS?

1 1
MAURIZIO Busso.! GERALD J. WaSSERBURG.” KENNETH M. NOLLETT.> AND ANDREA CALANDRA

Received 2007 May 31; accepted 2007 August 20



3a. The IRAIT Project at Dome C

(The Dome and the telescope inside it).

- "1

Progetto installato alla base di Dome C sull’altipiano antratico.

Dall’anno prossimo, usato per imaging infrarosso di stelle evolute.

Vari key-projects. Il piu ambizioso: studiare nell'infrarosso stelle evolue variabili,
facendone un nuovo criterio per determinatre le distanze cosmologiche (dalla
relazione tar la loro luminosita e il loro periodo)



M,,=-1.2732xIn(P)+2.3476
R = 0.986

e Mira S
= Mira MS |
e Mira S/M-
e Mira M
e Mira SC -
* Mira C

Guandalini & Busso, Astron. Astrophys 2008 _
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DIDATTICA:

TESI in Fisica di Base:
Astrofisica nucleare, Fisica Astroparticellare e delle Alte Energie

TESI TRIENNALI DI: 2-3 tesi all’ anno in media
TESI SPECIALISTICHE: 2-3 tesi all’ anno in media

DOTTORATO : 2 dottorandi per ciclo in media

TESI in Fisica Applicata ed in Ingegneria Gestionale e dei Materiali
Tecniche e tecnologie spaziali e per I’energia rinnovabile

TESI TRIENNALI DI; 5 tesi all’ anno in media
TESI SPECIALISTICHE: 2 tesi all’ anno in media

DOTTORATO : 1 dottorandi per ciclo in media




Fisica multidisciplinare

* Interazione Magnetosfera — lonosfera-
Litosfera

o Studio delle correlazioni tra le
perturbazioni tra i disturbi delle fasce di
Van Allen e le attivita sisimiche



A Possible Representation of the Phenomenology

Ehematic representation in a meridian plane of the trapped particle
trajectories 4
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Latitude

Examples of Particle Bursts

(Fidani and Battiston, NHESS, 8, 1277-1291, 2008)
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PB correlations 3 days (1800 km)




Their magnitude ad positions

Magnitudo dei terremoti che contribuiscono alla correlazione 2-3 ore
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Correlated Particle Bursts
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‘ The design of the platform

CSES : China Seismo Electromagnetic Satellite




1 Collaboration on Payloads and their
main specificationsZH TR EFTESH
(a) The Energetic Particle detector : & ek FiE N5
(b) Electric Field Detector:Fa17{X
* Frequency range: DC~3.5MHz
Sample Rate: 100 Hz (DC~10Hz)
— 25 kHz (10Hz~2kHz)
— 250 kHz (2kHz~20kHz)
— 210 MHz (20kHz~3.5MHz)
* Resolution: 1yV/m
« Sensitivity:
— 10uVem-1 *Hz-1/2@100Hz;
— 1uVem-1¢ Hz-1/2@10 kHz;
— 0.5uVem-1°Hz-1/2@500kHz
« Dynamic Range: 120dB (DC~20kHz);=90dB
(20kHz~3.5MHz)

* Operating temperature:

— For the electrical Box (Inside
Satellite): -10 °C~+ 45 °C

— For the inside the probe (Outside satellite):
-30°C ~ + 60 °C
« Mass: <10 kg (including electronics)
 Total Power Consumption : 10 W
(c) Booms HLI1Z{{H#F
. Length: 5 meters
. Mass of the sensor : <1 kg




China: satellite, launch, 6 de

Fig. 3- Layout estemo af CSES
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ENDORSEMENT

On bedalf of the group of China Seismo-Electromagnetic Satellite (CSES), we're homourable %o
express that CSES working growp is very interested in China-laly cooperstion of esrthquake
satellise based on the framework of China-ltaly Bilsteral Space Mesting. We hope this cooperation
go through with prove of China National Space Administration (CNSA) and Italian Space Agency
(ASIL

The main items of this cooperation are gvailable 10 carry Italian scientific payloads on bosnd
CSES and joint research on relevant models snd data analysis. The paylonds would be compased
of a particle detector, n search coil magnesameter and a flux-gate magnetometer.

According to the draft design of CSES, the main specifications of the instraments sev as
following:

(1) Search-Coil magnetometer:
(n) 3 compoments
(b) Frequency mange : |0Hz ~ 20 kHz
(¢) Sewsitivity: $x107 nT-Hz " @2kHz
(d) Dynamic range: >90dB.
(2) Flusgate magnetometer
(a) Frequency Range: DC-10Hz
(b) Sampling Rate: 30Hz
{c) Measurement Range: 465000nT
{d) Dynamic Range: 42500nT
{¢) Precishon: 0.1nT
() Noise: <100pT RMS
{3) Encrgetic Particle Detector
{2) Dircction measurement of high energy pesticles
i, Flax of high enemgy electrons ( =200KeV)
ii.  Flux of high energy protoes (1. SMeV-200MeV)
(b) Energy spectrum measurement of high energy electrons and protons
i, Energy range of electroa: 0.4MeV~10MeV (8 energy charewis)
il.  Energy range of Proton: IMeV-300MeV (8 energy channels)

The specifications might be modified with progress of the CSES project.
This endorsement is speclally prepared foe Opportunity Missices of ASL
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Coordisator for the Chira-ltaly cooperation of CSES
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