Fisica delle particelle oggi
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- Bosone di Higgs
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Cosa si fa al CERN
Ricerca fondamentale in Fisica delle Particelle

* | costituenti elementari della materia
* e forze fondamentali che li governano

* ['origine, il contenuto e la struttura dell’'Universo



Come risolvere questi problemi?
0... Come si fanno le scoperie?

Accelerare le particelle elementari (protoni, elettroni...)
fino a energie elevatissime (14 TeV)
e portarle a collidere. [ =mac?

Analizzare accuratamente i prodotti ° ,

v O

y
energia

per scoprire nuove particelle, (mini big-bang)

nuove forze,

protone

‘nuova fisica’...

y
® o ®

E=m.c2

O

protone
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Modello Standard

(della fisica delle particelle elementari)



Il Modello Standard e la costruzmne (‘scoperta’) fondamentale
della fisica delle particelle, nella seconda meta del XX secolo.

XIX secolo elettromagnetismo
1932 teoria di Fermi del decadimento beta - interazioni deboli

1960’s unificazione em-debole: teoria ElectroWeak
(Glashow, Weinberg, Salam)

1981 scoperta bosoni W e Z (Rubbia)

1970’s teoria della QCD - interazioni nucleari forti
(Gross, Politzer, Wilczek)

1936 1 1968 s quark 2012 higgs
1956 v, 1974 c quark
1962 v, 1977 b quark
1974 T 1995 ¢ quark

2000 v;
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ALL
ORDINARY MATTER
BELONGS
TO THIS GROUP.

=

FOR THE MOST
PART, THESE
PARTICLES EXISTED
IN THE EARLY
MOMENTS AFTER
THE BIG BANG.
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LEPTONS

NUCLEUS
eleq_tr'on

-
-

P Sasdtl

PROTON

neutron

-
- -

—
-
- -

QUARK

-

QUARKS

electron

. o
Electric charge - 1
Responsible for electricity
and chemical reactions

muon
A heavier O
relative

of the electron.

electron neutrino
Electric charge 0.

rarely interacts

with other matter.

muon neutrino

Created with
muons when some
particles decay.

up
- C

Electric charge + 2/3
Protons have 2 up quarks...
Neutrons have 1 up quark.

O

charm

A heavier
relative
of the up.

tau

Heavier
still.

o

tau neutrino

recently
observed

ANTIMATTER
Each particle also has an antimatter
counterpart ... sort of a mirror image.

top

recently
observed

down
o
Electric charge - 1/3 .
Protons have 1 down quark
Neutrons have 2 down quarks

strange

A heavier
relative
of the down.

bottom
Heavier O
still.
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from Time magazine

NUCLEUS
eleqron

-

LEPTONS

PROTON QUARK

neutron

- -
-----

-

-

QUARKS

electron neutrino
. o o
Electric charge - 1 Electric charge 0.
Responsible for electricity rarely interacts
and chemical reactions with other matter.

electron

muon muon neutrino

A heavier O 2
relative
of the electron.

Created with
muons when some
particles decay.

up down
; © o
Electric charge + 2/3 Electric charge - 1/3 .
Protons have 2 up quarks...| Protons have 1 down quark

charm strange
A heavier O A heavier
relative relative
of the up. of the down.

tau tau neutrino

Heavier O
still.

ANTIMATTER
Each particle also has an antimatter
counterpart ... sort of a mirror image.

recently
observed

Neutrons have 1 up quark. | Neutrons have 2 down quarks

bottom

Heavier O
still.

top

recently
observed

mm Electromagnetic mmm
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Chemistry
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Neutron decay
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» SUc(3) * SUw(2) * Uv(1) — SU¢(3) x Uem(1)




Interazioni (& simmetrie)
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» SUc(3) * SUw(2) * Uv(1) — SU¢(3) x Uem(1)
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» SUc(3) * SUw(2) * Uv(1) — SU¢(3) x Uem(1)
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Interazionl (& simmetrie)

€ Ve uuu ddd e w-

vl v, | CCC SSS L
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» SUc(3) x SUw(2) x Uy(1) — SUc(3) %X Uem(1)
» colore e carica elettrica
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Interazioni (& simmetrie)

Family 1 Family 2
Particle Mass Electric charge Strong charge Weak charge
EacHan L Muon 11 1 0 /2
Electron- <108 0 0 1/2 -
Neutrino Muon-Neutrino | <.0003 0 0 1/2
Up Quark 0047 2/3 red, green, 1/2 Charm Quark 1.6 2/3 red, green, 1/2
blue blue
Down Quark 0074 -1/3 red, green, -1/2 Strange Quark | .16 -1/3 red, green, -1/2
blue blue
Family 3
Particle Mass Electric Charge Strong Charge Weak Charge
Tau 1.9 -1 0 -1/2
Tau-Neutrino <.033 0 0 1/2
Top Quark 189 2/3 red, green, 1/2
blue
Bottom Quark 5.2 -1/3 red, green, -1/2

blue
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Interazioni (& simmetrie)
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€ Ve [uuu ddd . W-
Protons have 2 up quarks...| Protons have 1 down quark

Neutrons have 1 up quark. | Neutrons have 2 down quarky

charm strange

L Vg @@@ 5SS /

» SUc(3) x SUw(2) x Uy(1) — SUc(3) %X Uem(1)
» colore e carica elettrica
» sapore barionico totale
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Interazioni (& simmetrie)

C

Protons have 2 up quarks...

Neutrons have 1 up quark.

(57 . )

Vv

g

tau

Heavier

L

tau neutrino

e bservec
.

» SUc(3) x SUw(2) x Uy(1) — SUc(3) %X Uem(1)
» colore e carica elettrica

» sapore barionico totale

» Sapore IeptoniCO indiViduale(ma: oscillazioni v)

charm

ccC

it bbb

Protons have'l down quark
Neutrons have 2 down quarks

strange

)

V

@O

h G



Sl

Interazmni (& simmetrie)
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Adroni: stati composti di quarks
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Adroni: stati composti di quarks

Qv e

barioni
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Adroni: stati composti di quarks

Q¥ .

barioni mesoni
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Adroni: stati composti di quarks

QD ¥ ..

barioni mesoni
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Adroni: stati composti di quarks

@

barioni

u

mesoni

u

uuu ddd W w-

CCC SSS 4
ttt bbb

Pentaquarks
(LHCb 2015)
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KeV MeV GeV TeV

e 511 KeV
1 105.7 MeV
t 1.777 GeV
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KeV MeV GeV TeV
C J_L T
hl cC b t
e 511 KeV u~2.3MeV c¢1.27 GeV

uw 105.7 MeV d ~5 MeV b 4.2 GeV
t1.777 GeV s ~95 MeV t 173.2 GeV



KeV MeV GeV TeV

C J_L T
hl C b t
W
yil
e 511 KeV U~23MeV c1.27GeV  \W:80.385 GeV

uw 105.7 MeV d ~5 MeV b 4.2 GeV / 91.1876 GeV
t1.777 GeV s ~95 MeV t 173.2 GeV



KeV MeV GeV TeV

C J_L T
u cC b t
d
\YY
/
h
e 511 KeV u~23MeV c127GeV \W:80.385 GeV

u 105.7 MeV d ~5 MeV b 4.2 GeV /7 91.1876 GeV
t1.777 GeV s ~95 MeV t 173.2GeV h 125.09 GeV



meV eV KeV MeV GeV TeV

K el b
v hl y Icb |t
W
A
h
e 511 KeV u~2.3 MeV c1.27 GeV  \W*80.385 GeV

w105.7 MeV d ~5 MeV b 4.2 GeV Z 91.1876 GeV
1 1.777 GeV s ~95 MeV t 173.2GeV h 125.09 GeV

9103eV =sv,=0.2eV



meV eV KeV MeV GeV TeV

K el b
v hl y Icb |t
W
A
h
e 511 KeV u~2.3 MeV c1.27 GeV  \W*80.385 GeV

w105.7 MeV d ~5 MeV b 4.2 GeV Z 91.1876 GeV
1 1.777 GeV s ~95 MeV t 173.2GeV h 125.7 GeV

9103eV =sv,=0.2eV



Credit: Flip Tanedo, QuantumDiaries.org
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inferazione
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campo Scd

(-> di higg

T, 7
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—5 Vgﬂaugu — g fabcc? ggaglags — F9g2 f“bcfadegﬂgugug,, —+

Lig2(qe~"a?)as + GG + 9o [0 GGl — DLW DLWV, —

N2, F W, — %a,zga/zg — 5oz MZZ0Z0 — %B,LA 8,LA — 19, HSO, I —
2 nEH?2 — 8, Bup— — M2p+p— — L Mqﬁoauqbo — 52 M PO P° — Bn[22L= +
M FT + L(H?2 + P%°p° + 206 )] + 2L vy, — 29Cu[B Z2 (W, W, —
WiwW,, ) — Z2(W Fe. W, — W, 3. W, ) + Z5(W Fa,. W, —

W O W, F)] — 2952 A (W, W, — W IEFW, ) — A (W Fo. W, —
W, 8. W, F) + A”(WJ‘aVW; — WO, W, )] — 2g2W FWVW, W IRV S+

;92W+W W EW, o + g c;i,(ZfLW+Z°W* — Z0Z0W, R W) +

g%s2, (A, W, A, W* — A,,A, VW W, ) + gZ Sw('w[A ZO(W+V‘/* —
W"‘Wu ) — =24, ZOW+W ] = go[H? 4 FHPpOP° + 2F T p+p—] —
égzah[H4+(¢°)4+4(¢+¢' )2+4(¢°)2¢+¢ +—AH 2Pt P +2(PO)ZHZ] —
gNM W, FW, - — —gMZOZOH — 2Z2g[W, T (PP p™ — P 8 p°) —
W, (8. ph — ¢+<’9 P+ 2g[W+(Ha”¢*—¢ OpH) — W, (H, P+ —
PO+ L9 (Z2(H 3. p° — p°3,, H) —ZJJLMZO(W+¢_—W DT +
PGS M A, (W+¢— — W, pt) — igt Z2(p+ b — PP +
1G5 Ay (B Dpuh— — P Bppt) — LGPV F W, E [ + ($°)7 + 2p+p—] —
192 L ZOZR[H? + ($°)2 + 2(252, — 1%+ 7] — L9222 Z20°0(W,rop— —+
W, pt) — Lig22eZz0 FH(W,iheop™ — Wbt + 2925, A, 5° (W™ —+
W p+) + 24925, A H (Wihdp™ —Wipt) —g22e(2c2, —1)Z2A,.p+hp™ —

g's2, A, AP T | — &N + m)e™ — Iy I — a; (O + my)u; —

dF; (v + m)d} + 2G5, Au[—(Ery*er) + Z(arv*uy) — $(dF~rv*d})] +
2L Zo[(Z A (L + v er) + (XM (4s, — 1 — vD)e?) + (ary* (552, —
1 — ¥DuP) + (@31 — §52, — ¥2)dP] + ZZW [ A1 + v®)e™) +
(a3~ (1 —+ ’Ys)CAmd"—‘)] + FZEW o [(Er (A + v3)eN) + (@i~ +

YD uD] H[FE T [~ ST (B (A — 7P)e™) + S (XL + ¥5 I )] —

%T/;L[H(e/\e)‘) b 2¢0(e yZer)] + ng'*'[—md(ﬂ)‘c)\m(l — ¥Y3)dy) +
m;)(uj‘c)\,i(l—l—fyg’)d_';]—l—# *[md(d)‘c)u{(l—l—"y5)u")—m"‘(d)‘c)\,{(l—

oS T
Y uF) — $FRH (m3u3) — EFFH(BEY) + FRF S0 (aF v u3) —

ig M2 O (DR yPAY) +[KXF (D2 — M) X+ + X (D2 — M) X~ + X°(D2 —

G XFTY ) + 29Ce W, (BpuX X% — 3, XX ) + 295.W,;; (BX Y —
38, Y X +) + z'gchS(a”X"“Y"‘ — 8, X X ) + igswA”((?”)("‘X"‘ —_
O, X~ X)) — LgM[X+X+H 4+ X~ X H + L X°XOF] +

)X O+ Y Y +29Ce W (B XX~ — 38, X+ X% +2i95.,. W (F.Y X —

02

L2080 jgAM[ X+ XO%p+ — X — XOp] + 52— tgM[X°X —p+ — XOX*+p—] +

2 C o>

tGM5.,[XOX —pt — XOX+p—] 4+ LigM[X+ X +p® — X — X — 2]

https://www.symmetrymagazine.org/article/the-deconstructed-standard-model-equation
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