V2

| 3 8% A

O[T
Interazionl (& simmetrie)

7 —;"\
e I o E«MUU E'dw + 4
— Protons have 2 up quarks...| Protons have | down quark

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

charm strange
it | 4 @6(9 Z
i of the up

of t down.

D( to
ojok 1aVi

I SUc(3) ! SUW(2) ! Uy(1)" SUc(3)! Uem(1)
I colore e carica elettrica
I sapore barionico totale




e Ele Qi u El
— Protons have 2 up quarks...| Protons have 1 down quark

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

) charm strange

I # e 1er o
|
O lhe up. oft down.

J

mtmum N\ I ll tob
dbnﬁve$

\
a : ]
™
i (1C1 ‘ ’

' SUc(3) ! SUwW(2) ! Uy(1) "
I colore e carica elettrica
I sapore barionico totale

I sapore leptonico individuale (ma: oscillazioni #

SUc(3) ! Uem(1)

W+ W-




Interazmni (& simmetrie)

e le juuu ddd e

# Iy ccc ssS Z
$ :r;;!a'i,' $ ttt b b b

Adroni : stati composti di quarks




InteraZ|on| (& simmetrie)
e le juuu ddd e w-
# 1y | CCC SSS Z
$ ::f!'.‘i,"’$ ttt bbb

Adroni : stati composti di quarks

@

barioni




Sy

g

#
$

Adroni : stati composti di quarks

@

barioni

Interazmni (& simmetrie)

le Juuu ddd s W
l# | CCC SSS Z

!$ ttt bbb

mesoni




Sy

Interazmni (& simmetrie)

e le juuu ddd e

# Iy ccc ssS Z
$ :r;;!a'i,' $ ttt b b b

Adroni : stati composti di quarks

@ ¥

barioni mesoni




Sy

Interazmni (& simmetrie)

= !
H !

[e( I!Hl y
ojok 1aVi

Adroni : stati composti di quarks

@

barioni

U

mesoni

uuu ddd e

CCC SSS Z
ttt bbb

(LHCb 2015)



“ 9.,//'

\.u
/%)
)

—




KeV MeV GeV TeV




KeV MeV GeV TeV

e 511 KeV
# 105.7 MeV
$1.777 GeV



2 (A3 A ’!’t{"vil{ .. X L § - S ’/ ~ 5 ’ v
A A BRERE R =23 S A :
2 e S - il %
3 - W L ‘
» - x - ~N
- '.'/ > W o, ' “/ o
‘ S - < >
y -~ \\'/ - .
» - . _

KeV MeV GeV TeV

oC
N
-
@)
'—l-

e 511 KeV u~2.3MeV c1.27 GeV
# 105.7 MeV d ~5 MeV b 4.2 GeV
$1.777 GeV s ~95 MeV t 17/3.2 GeV



m\,/_
| - T
ol PR f S PG
7 1%

KeV MeV GeV TeV
e # |
H S Cb t
W
Z
e 511 KeV u~2.3MeV ¢1.27GeV \W+*80.385 GeV

# 105.7 MeV d ~5 MeV 0 4.2 GeV Z 91.1876 GeV
$1.777 GeV s ~95 MeV t 173.2 GeV



KeV MeV GeV TeV

e # P
H s b t
W
h
e 511 KeV u~2.3MeV c1.27 GeV \W*80.385 GeV

# 105.7 MeV d ~5 MeV 0 4.2 GeV Z 91.1876 GeV
$1.777 GeV s ~95 MeV { 173.2GeV h 125.09 GeV



R Sg &3 N o2

. -“ -~ - --
C e ——— ”,’ /’j > .“\‘ -~ S ——

h

e 511 KeV u~2.3MeV ¢1.27GeV \W+*80.385 GeV
# 105.7 MeV d ~5 MeV b 4.2 GeV / 91.1876 GeV
$1.777 GeV s ~95 MeV t 173.2GeV h 125.09 GeV

9103eV! Il 0.2eV




R Sg &3 N o2

. -“ -~ - --
C e ——— ”,’ /’j > .“\‘ -~ S ——

h

e 511 KeV u~2.3MeV ¢1.27GeV \W+*80.385 GeV
# 105.7 MeV d ~5 MeV b 4.2 GeV / 91.1876 GeV
$1.777 GeV s ~95 MeV t 173.2GeV h 125.7 GeV

9103eV! Il 0.2eV




Credit: Flip Tanedo, QuantumDiaries.org



z«w

NS

mediatori delle forze

./7 "9

s
—— PO JORSr

campi di materia

1 ->e#
&. udscbt

I campo scalare !
| (-> di higgs)

|

Credit: Flip Tanedo, QuantumDiaries.org



Lagranglana del I\/Iodello Standard

w -Py'.v

mediatori delle forze y — o -~
propagazione !T
delle forze

B> Wz(Qg

57 -

campi di materia | 2 b h fZG atena

| . >e#$ | F L;" )L b Intera2|one !
Ud SCbt ' T )L ‘5(5)('5?51\ higgs-materia

N Ay

i @ campo scalare ! gi h
; > di hi |
| (-> di |gg§) | k I I9989

Credit: Flip Tanedo, QuantumDiaries.org

/
I
&



Vgﬂaugu — 9 O gtglbas — F9Z [P f“degﬂgugugu —+

Lig2(qe~"a?)gs + GO G + gs f 0D GG gL [— DLW, F DLW —
ATEW W — 15,208, 20 — MPZZ2 — 15, A, 8,LA — 18, HO, I —

2(;2
=2
262 M PO PH° — Bp % —+

%mIZzHZ — O P TOuPpT — MZPp TP — 2 M¢03”¢0 -
2M FT + L(H?Z2 + Pp%°p° + 206 )] + 2L vy, — 29Cu[B Z2 (W, W, —
WiwW, ) — Z2(W FE. W, — W, 3. W, ) + Z5(W_ Fa,. W, —

W oW, F)] — 2952 A (W, W, — W IEFW, ) — A (W FE. W, —
W;@,/W‘;") —+ A”(W,;"a,,WM_ — W:@,,WI;")] — %ng/VIj‘W#_W,;"W,,_ =

;gQWJﬁVVV*T/Tf,fV[/: —+ g2c?u(ZSW;ZSVV; — ZSZEVVJVT/;) ==

g 92 AL (’[;fAuwrz/i — A, A, W IFrW,. ) + .QQSwa[A/-LZB([[J‘Vui -
W"‘Wu ) — 2A,Z0W W, ] — go[H3 + HPOP® + 2H pHp—] —
LgZan [H*+ (PO +A(P T p )2+ A(PO) 2P p™ +AH 2P p +2(PpO)2H 2] —
gNM W, W, FT — —gMZOZOH — 2Z2g[W, T (%O p™ — P B p°) —
W, (pPBupt — PO ¢°)]+29[W+(H8u¢*—¢ O ) — W, (H S, p+ —
DT+ Lg 2 (Z2(FHH 3. Pp° — PO, H) —ZJ—‘LMZO(W_"(;b_—W D) +
2GS M Ay, (W/ v — W opt) — igt ZO(P TP — PO +
i G S Ay (PO — P Bpaept) — 4g2W+W*[H2 + ()2 + 20 7] —
192 L ZOZR[H? + ($°)2 + 2(252, — 1%+ 7] — L9222 Z20°0(W,irop— —+
W,opt) — 2ig? 2 Z0 H(W,ihep—™ — W, p+) + 3975, A,,0° (W™ +
W;¢+) + 329°50 AL H (W,Ehd ™ — W;¢+) - 92%&(2c — D Z=Zp AP P —

g'sZ2 A, A, p P | — &N + e l)er X~y — _’\(’ya —+ 'rrz,)‘)'uJ
B 0 4+ ) d) - igsw Aul— (eryrer) - Z(adyreud) — 5 ()] +
22 Zo[(Z (L + ) e?) + (8rxvy#(asZ, — 1 — 75)6") == (ﬁ ’Y”(“ S —
1 — ¥DuP) + (@31 — §s5%, — ¥2)dP] + ZZW A (A~ (1 + vB)e™) +
(az v (1 + ’75)0And"?)] + W, [(Ery (A + v3)eN) + (@i~ +
YDuP] +H[FL e [—pH (A — YP)eN) + (871 + P M)] —
Bl (e + z¢0(e ~Ser)] 4+ W¢+[—md(a>~c)\,€(1 — Yy aF) +
Q(uj‘C’)\n(l—l—’yE’)d_’;]—l—W *[md(d)‘c)u{(l—l—"y5)u")— Z_(d;‘C;,{(l—
m)\ TN,
 us] — $RRH E3u)) — §FFH (DAY + B BF SO (@3 v uy) —

L 2L pO(dy~"dy) + [ XF (D7 — MAPHX T + X (82 — M>HX— + X902 —
AEY X O+ Y %Y + 29 Wi (Bu XX~ —8,. X+ X)) +295,W, I (S X —
S X+Y) 4+ g, W, (X X©° — 3, XX ) + 495.W,; (3,.X Y —
38, Y X+) + z‘gcwzg(a”)?+3(+ — 8, X X ) + igswA”(a'u)Z'"'X"‘ —
S X~ X7) —ggM[XFTXVTH + X~ X H + 3 X°X°H] +
1;3:? gM[X T X%pF — X~ X% 7] + 52-2gM[XOX o+ — XX+ op] +
iGM 5.,[ XX —pt — XOX +p ] + LigM[X T X *+p° — X — X °]

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



Credit: Flip Tanedo, QuantumbDiaries.org

presentazione
per insegnanti:

J. Woithe, J. Wiener, F. Van der Veken,Let@ have a coffee W|th the Standard Model of partlcle physuEEhys Educ. 52 (2017) 034001

f
g



Esempio 1: collisione ete-

(semirigoroso)



Jlpiie o K aEAE
| diagrammi di Feynman al lavoro
Esempio 1: collisione ete-

URc{RQ

VGORQ



Jlpiie o K aEAE
| diagrammi di Feynman al lavoro
Esempio 1: collisione ete-

URc{RQ

e+

VGORQ



S AR
1. ¥ /Ll P
'S phaUNEN L 1 /
- ~/-'\.. ‘e
v " —
e \ -
. » /7
ll S
~ '~ -
5 < N <

| diagrammi di Feynman al lavoro
Esempio 1: collisione ete-

e+

LEP
105 GeV



Esempio 1: collisione ete-

e+

LEP Z
105 GeV



S AR
1. ¥ /Ll P
'S phaUNEN L 1 /
- ~/-'\.. ‘e
v " —
e \ -
. » /7
ll S
~ '~ -
5 < N <

| diagrammi di Feynman al lavoro
Esempio 1: collisione ete-

er H

LEP Z
105 GeV



< ¥ FETIT 7 A
AL p S y
& ety 4 g
- ' ) ~/.". o 7 .‘fa —_
‘ . — " -
- - - ; m—
: 7 g .
» ol ” ¥
- g ¥
S g \C/ 2) 5
4 -
‘ . y .‘;.4

| diagrammi di Feynman al lavoro
Esempio 1: collisione ete-

et H+

Z
LEP ™ carica elettrica
105 GeV ™ sapore leptonico indiv.



)

| diagrammi di Feynman aI lavoro
Esempio 1: collisione ete-

e’ Ht

LEP
105 GeV

M carica elettrica
™ sapore leptonico indiv.

e- #
% 10* ¢’ —shadrons
La risonanza tradisce 10—\XCESR;A /
la produzione del s | W/
mediatore. BTN
e
Magari SCOpriremO cos"” 0 TR A e A P Domande per i pis motivati:

0 20 40 60 80 100 120 perchZ la sezione dOurto & hadrons e pie grande di quella e *e™" ##?

: sai calcolare a priori il rapporto?
U n n U OVO m ed IatO re . Centre of Mass Energy [GeV] e perchZ quella ete” "™ si comporta diversamente?



