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l.adanza della scienza

1| Osservazione di un fenomeno tramite esperimento

2 | Formulazione di una teoria per spiegare il fenomeno

3 | Potere predittivo della teoria per un nuovo fenomeno

4 | Nuovo esperimento per verificare la predizione della teoria
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I diagrammi di Feynman

Standard Model Interactions
(Forces Mediated by Gauge Bosons)

X X X
Z Y g
X X X
X is any fermion in X is electrically charged.  Xis any quark.
the Standard Model.
D v g
" WV% J
L
J g
U is a up-type quark; Lis alepton andv is the

D is a down-type quark.  corresponding neutrino.

W- W-
LA
X Y
X

Xisa photonor Z-boson. XandY are any two
electroweak bosons such
that charge is conserved.

Physics is like sex: sure, it may give some practical results, but that's not why we do it.
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Standard Model of Elementary Particles

three generations of matter
(fermions)

mass | 2.4 MeV/c? ~1.275 GeV/c? ~172.44 GeV/c? 0 ~125.09 GeV/c?
charge | 2/3 2/3 2/3 0 0
spin ©1/2 ‘ 1/2 1/2 ‘ 1 0 I-I/
top gluon Higgs l
) =48 MeV/c? ~95 MeV/c? ~4.18 GeV/c? 0 ol
s 1/3 1/3 (ZD
g 1/2 12 12 N
- down strange bottom
O o
a
~0.511 MeV/c? ~105.67 MeV/c? ~1.7768 GeV/c’ <L
—t
1 1
| N
& - @ 2 3
electron tau 8 b
O
2 <1.7 MeV/c? <15.5 MeV/c? ~80.39 GeV/c? o0
O 0 1 LLl)
= 1z ‘ 1 O
E‘.: electron muon tau W boson 2
. neutrino neutrino neutrino G)
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... abbiamo rivolto la nostra attenzione alla creazione di questo nuovo ente
internazionale, un laboratorio o un istituto dove sia possibile cffettuare
ricerca scientifica al di la del quadro nazionale deivari stati membri ... un
ente dotato di risorse maggiori di quelle disponibili ai laboratori nazionali
che possa quindi farsi carico di compiti le cui dimensioni ¢ la cui natura
siano tali che i singoli Stati non possano svolgerlida soli.”

L. De Broglie (1949)



LHC| CERN, 2010
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Distribution of All CERN Users by Nationality on 27 January 2020
] |

MEMBER STATES

7149
Austria 95
Belgium 113
Bulgaria 71
Czech Republic 216
Denmark 52
Finland 72 ) I
France 778
Germany 1177
Greece 216
Hungary 77
Israel 59
Italy 1 856
Netherlands 170
Norway 59
Poland 311
Portugal 94
Romania 144
Serbia 49
Slovakia 128
Spain 405
Sweden 74 " P
Switzerland 204 ‘ )

United Kingdom 729

OBSERVERS 2 506

Japan 274
ASSOCIATE Russia 1126
MEMBERS IN USA 1106
THE PRE-STAGE
TO MEMBERSHIP
Bolivia 2 Egypt 26  TIreland 14 Montenegro 8 Saint Kitts Uzbekistan 3
Cyprus 21 OTHERS Bosnia & Herzegovina 2 El Salvador 1  Jamaica 1 Morocco 26 and Nevis 1 Venezuela 10
Slovenia Bostwana 1 Estonia 16  Jordan 2 Myanmar 1 Saudi Arabia 2 Viet Nam 10
Albania 4 Brazil 121 Georgia 54  Kazakhstan 12 Nepal 8 Senegal 1 Yemen 1
Algeria 8 Burundi 1 Ghana 1  Kenya 1 New Zealand 6 Singapore 4 Zambia 1
ASSOCIATE 770 Argentina 22 Canada 155 Gibraltar 1 Korea 161 Nigeria 2 Sou%hI?Africa 54 Zimbabwe 1
MEMBERS Armenia 18 Chile 21 Guatemala 1  Kyrgyzstan 1 North Korea 3 St1 Lanka 6
Croatia 47 Australia 28 China 569 Hong Kong 1 Latvia 4 North Macedonia 2 Sudan 2
India 367 Azerbaijan 7 Colombia 35 Honduras 1  Lebanon 23 Oman 1 Syria 2
Lithuania 31 Bahrain 3 Congo 1 Iceland S5 Luxembourg 3 Palestine 7 Taiwan 47
Pakistan 63 Bangladesh 5 Costa Rica 1 Indonesia 11 Malaysia 19 Paraguay 1 Thailand 24
Turkey 162 Belarus 49 Cuba 16 Iran 46  Malta 5 Peru 6 Tunisia 5
Ukraine 100 Benin 1 Ecuador 11 Iraq I  Mexico 80 Philippines 4 Uruguay 1 1 822







5m

ATLAS | CMS

A Toroidal Lhc Apparatus | Compact Muon Solenoid

CMS DETECTOR STEEL RETURN YOKE
44m Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
A Overall diameter :15.0 m Pixel (100x150 pm?) ~1.9 m?* ~124M channels
— S Overall length :28.7 m Microstrips (80-180 pym) ~200 m? ~9.6M channels

Magneticfield :3.8T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

.....
------------
R

PRESHOWER
Silicon strips ~16 m? ~137,000 channels

FORWARD CALORIMETER

Steel + Quartz fibres ~2,000 Channels

S

Tile calorimeters
CRYSTAL

LAr hadronic end-cap GNdELECTROMAGNETIC

forward calorimeters CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

Pixel detector |
LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker HADRON CALORIMETER (HC

Semicondud‘or "OCker Brass + Plastic scintillator ~7,000 channels



La firma di (poche) particelle

Muon

Spectrometer

Hadronic
Calorimeter

are invisible to
the detector

|Neutrino

} The dashed tracks

NeuUtron

1
(]
Electromagnetic :
Calorimeter

i 4
Electron I'
°

Solenoid magnet

Transition
Radiation

Trqcl(ing Tracker
Pixel/SCT detector




Muone

J=3

Mass m = 0.1134289257 £ 0.0000000025 u
Mass m = 105.6583745 + 0.0000024 MeV
Mean life 7 = (2.1969811 + 0.0000022) x 107° s
T“+/'TM_ = 1.00002 + 0.00008
cr = 658.6384 m
Magnetic moment anomaly (g—2)/2 = (11659209 + 6) x 10~10

(&,+ — &,-) / Baverage = (—0.11 + 0.12) x 10~°
Electric dipole moment d = (—0.1 £ 0.9) x 10719 ecm

Decay parameters [°]
p = 0.74979 + 0.00026
n = 0.057 & 0.034
& = 0.75047 + 0.00034
¢P, = 1.0009 55305 €]
€P,5/p = 100183818 14
¢ = 1.00 + 0.04
¢ =0.98 + 0.04
o/A=(0+4)x10"3
o /A = (—=10 £ 20) x 103
B/A = (4+6)x1073
B /A=(2+7)x103
7 = 0.02 + 0.08

~105.67 MeV/c?




Elettrone

-}
Mass m = (548.579909070 =+ 0.000000016) x 10~° u
Mass m = 0.5109989461 + 0.0000000031 MeV
Im_ —m__|/m< 8x 10~?, CL = 90%
|qe+ + qe_|/e < 4x1078
Magnetic moment anomaly
(g—2)/2 = (1159.65218091 + 0.00000026) x 10~°
(ge+ - ge—) / Baverage = (=0.5 +2.1) x 10~12
Electric dipole moment d < 0.87 % 10728 ecm, CL = 90%
Mean life 7 > 6.6 x 1028 yr, CL = 90% (2]

~0.511 MeV/c?

2 -1
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electron




Fotone

v (photon) I(JFC) = 0117 7)

v MASS

Results prior to 2008 are critiqued in GOLDHABER 10. All experimental
results published prior to 2005 are summarized in detail by TU 05.

The following conversions are useful: 1 eV = 1.783 X 10—33 g = 1.957 X

1070 mg; Xo = (1.973 x 1077 m)x(1 eV/m.,).
VALUE (eV) CL% DOCUMENT ID COMMENT
<1 x10-18 1 RYUTOV 07 MHD of solar wind
e o o We do not use the following data for averages, fits, limits, etc. @ o o
<22 x 1014 2 BONETTI 17  Fast Radio Bursts, FRB 121102
<1.8 x 10— 14 3 BONETTI 16 Fast Radio Bursts, FRB 150418
<1.9 x 10—15 4 RETINO 16 Ampere's Law in solar wind
<23 x 1079 95 > EGOROV 14 Lensed quasar position

6 AccioLy 10 Anomalous magn. mom.
<1 x10—26 7 ADELBERGER 07A Proca galactic field



Neutrino

U MASS (electron based)

Those limits given below are for the square root of migeff) =) |Uez'|2
m12/_. Limits that come from the kinematics of SHB~ ¥ decay are the
1

square roots of the limits for mi(eff). Obtained from the measurements

e
reported in the Listings for “U Mass Squared,” below.

VALUE (eV) CL% DOCUMENT ID TECN  COMMENT
< 2 OUR EVALUATION
< 2.05 05 1 ASEEV 11 SPEC 3H S decay
< 23 05 2 KRAUS 05 SPEC 3H 3 decay
e o o We do not use the following data for averages, fits, limits, etc. e o o
< 5.8 95 3 PAGLIAROLI 10 ASTR SN1987A
<21.7 90 4 ARNABOLDI 03A BOLO 187Re g-decay
g, ‘ < 5.7 95 ® LOREDO 02 ASTR SN1987A
T GEeTe T SO < 25 95 ©LOBASHEV 99 SPEC 3H g decay
. . < 28 95 7" WEINHEIMER 99 SPEC 3H 8 decay
Vu Ve < 4.35 95 8BELESEV 95 SPEC 3H f decay
, * 4 4 <12.4 05 9 CHING 95 SPEC 3Hp decay
electron muon tau <92 95 1OHIDDEMANN 95 SPEC 3H 3 decay
neutrino | neutrino y neutrino y 15 J_r:;% HIDDEMANN 95 SPEC 3H 3 decay




“J e t"

[«] 1Py =33+

m, = 216tggg MeV Charge = % e L=+
my/mg = 047130

[ 4] IP) = 33

N| =

L.+ 0.48 1 1

£ 2 my = 4.67f0.17 MeV Charge = —3e [,=-5

¥ y 1/2 3 ms/mg = 17722 0.55

m=(my,+my)/2 = 3.45f0:15 MeV

2 up ~ charm

4.8 Mev/c? ~95 MeV/c? ~4.18 GeV/c? " E I(J7) = 0(2 )

"1/3 -1/3 -1/3 ’

';4/2_ y ' 1//2 3 1/2 y mg = 93'_“% MeV  Charge = —% e Strangeness = —1
: 4 - ms / ((my + my)/2) = 27.3+91

@ down | strange bottom

[<] IJP) = o(3)

m. = 1.27 + 0.02 GeV Charge = % e Charm = +1
me/mg = 11.72 + 0.25

mp/m. = 4.577 + 0.008

mp—m. = 3.45 £ 0.05 GeV

1(JP) =03 )

[=]

mp = 4.18“_L8:8g GeV  Charge = —% e Bottom = —1



Conversione di un fotone in elettroni

| . ” . , ,
\‘\ ‘\ - . \.\ >
. - > - \~ ’
T Seede \ K . a A LN Y
. "~ N?« ,jr,
Yy " EXPERIMENT W EXPERIMENT

‘l -'-. -L’

Run Number: 191190, Event Number: 19448322 Run Number: 191190, Event Number: 194483272

= Date: 2011-10-16 16:11:14 CEST Date: 2011-10-16 16:11:14 CEST

> -
[\
Y

A

]

A

b Y

- ™ ';z —A - N e - /
e - ) ::0.. :.: - :.: ’F »
- o - . :.;E::.‘.... . » : - :. .. - - ’. .‘ ’ -
o.. : 33:30 e .'.z =0 . ’ ® }
. 2 » et e o : e . o ®
» :o. R . . * % ...o ~, o @ *
.. ' .. - - o. :0 .:.=0 .... 0. . 'IN s, .
. L. E " X - : :a' > .A\ .
" @ - . " * » p ., .0. . Geo > ~§. - -
. ® . .I

’ o % R - 2 : -
; =" - " ..:. ~ o. * - - - R
.000. . 2 ' - a 9g - - » - a
0..0 't T . o! % - 2 ot \‘
!...’ .. .. % - e % » ...
- e °. o:. 2 ot . -, L
- . .., : »
o.'.... . q.. o. o.. :. .
. . - LA = s
b ". 0.. - »
» e ...'. - - ..o
» ® o 2 ...
g o o A 4
> 2 » » 0:. = - o.. o.
~ .o.. . .”. .o . ." . .
- s * . - ' - »
\ o " . - » . - - ..'
€° » " 2 "
- o & » - -
» .oo C’}"'.o. » - Q ¥ /
.o “.: . .‘rﬁ °. .0‘" .."o s - - ..
. . .. .. Seoes ..:f'...f ... ...
o.. . .. - - . ®® e ® - .".. -
oo a . ® .:0 » . : > a © - ....
v, et AT P A
2 % . v e . -
on el [ g - . .'o ~ R ® 9 '.. .



WATLAS

- ’ EXPERIMENT

Coppia di
fotoniejet




@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST




ATLAS

EXPERIMENT

HL-LHC tt event in ATLAS ITK
ai <u>=200
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fo— Lascoperta del bosone di Higgs

g H

Higgs

% 2400 - 7| v ¢ v v | v v v v | ¢+ 1 ¢ ¢ v | 71 11 B > . J I ! 1 ! ! I ! ! ! 1 I ! J ! J _
G 2200 Selected diphoton sample — 8 - @ Data ATLAS 7
@ = ®  Data2011 and 2012 = B (*) , N
S = Sig + Bkg inclusive fit (m_=126.5GeV) I 0 25_ . Dacxground 22 H_)ZZ( )_)4| .
G 1800f% . . 4th order polynomial = g - [l Background Z+jets, i -
1600 + 4 = - | - -
: s o 7TeV,J 481" = o ool [ Signal (m =125 GeV) b
1400 . — LlJ -/
= - 77, Syst.Unc i
1200 — \S=8TeV,J‘Ldt=5.9fb1 — i /% y )
1000 = {51s = 7 TeV:|Ldt = 4.8 fb” ,
800 — - .
- - E i ® .
600 = _\S =8TeV:det=5.8 fo’ i
400 = o = 10
200 ATLAS Preliminary — i ’
= Lo ] | | | - -
Z  100F S | | | = -
@ 100" = 5
o + + a t § + + - -
= 0 > v - +' + -
T = f — !
— M B B PP IR B — O—
100 110 120 130 140 150 160
100 150 200 2950

My [(GeV] m,, [GeV]



N La scoperta del bosone di Higgs

H

Higgs

2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

Announcements

of the 2013
Nobel Prizes

Physiology or Medicine:

Announced Monday 7 October

Physics:
. Tuesday 8 October, 11:45 a.m. CET
,2013 N(,)bel PrlZe at the earliest
11 PhYSlCS Chemistry:
The Nob: . 13 was Wednesday 9 October, 11:45 a.m.

CET at the earliest
Literature:

awarded jointly to

and Pet . “for the
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