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MotivationStato attuale delle anomalie di sapore

• violazione dell’universalità             in transizioni           (corrente carica)             b ! c⌧/`

• violazione dell’universalità         in transizioni            (corrente neutra) b ! sµ/e

(` = µ , e)

Dati recenti sui decadimenti semileptonici del mesone B mostrano indicazioni 
convincenti di violazione dell’universalità del sapore leptonico:
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Stato attuale delle anomalie di sapore

RD(⇤) =
B(B ! D(⇤)⌧ ⌫)

B(B ! D(⇤)` ⌫)

- Dati coerenti da 3 distinti esperimenti; la misura combinata di        e        presenta 
un eccesso di ∼4σ rispetto al MS

- Predizione teorica pulita (cancellazione dei fattori di forma adronici nel rapporto)
RD RD⇤

Dati recenti sui decadimenti semileptonici del mesone B mostrano indicazioni 
convincenti di violazione dell’universalità del sapore leptonico:

• violazione dell’universalità             in transizioni           (corrente carica)             b ! c⌧/`

• violazione dell’universalità         in transizioni            (corrente neutra) b ! sµ/e

(` = µ , e)

tree-level 

nel MS
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Stato attuale delle anomalie di sapore

RK(⇤) =
B(B ! K(⇤)µ+µ�)

B(B ! K(⇤)e+e�)

- Predizione teorica molto precisa:                                   nel RSM
K(⇤) = 1.00± 0.01

- Discrepanze di ∼2.1-2.6 σ  in        eRK RK⇤

- ∼3.4σ in     , ulteriori tensioni in                              ,                                   B(Bs ! �µ+µ�) B(B ! K⇤ µ+µ�)

Bordone et al. [1605.07633]
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• violazione dell’universalità             in transizioni           (corrente carica)             b ! c⌧/`

• violazione dell’universalità         in transizioni            (corrente neutra) b ! sµ/e

= µ , e)

q2 2 [1, 6]GeV2

un loop 

nel MS

4

Dati recenti sui decadimenti semileptonici del mesone B mostrano indicazioni 
convincenti di violazione dell’universalità del sapore leptonico:



Alla ricerca di una spiegazione simultanea

• Possibile connessione alle gerarchie di sapore: l’unica fonte di violazione 
dell’universalità del sapore leptonico nel MS, gli Yukawa, segue un 
andamento simile:                      …c’è una connessione?ye ⌧ yµ ⌧ y⌧

<latexit sha1_base64="/IMW+6jztKe4S4d7kOn5aMh+QMQ="></latexit><latexit sha1_base64="/IMW+6jztKe4S4d7kOn5aMh+QMQ="></latexit><latexit sha1_base64="/IMW+6jztKe4S4d7kOn5aMh+QMQ="></latexit><latexit sha1_base64="/IMW+6jztKe4S4d7kOn5aMh+QMQ="></latexit>

Se considerate nel loro insieme, le anomalie di sapore sono un insieme significativo 
coerente di deviazioni dal MS…
→ vale la pena di cercare una spiegazione simultanea in termini di Nuova Fisica!

Sfide:

• La nuova fisica deve avere una struttura di sapore non generica:

Ipotesi tipica: nuova fisica accoppiata prevalentemente alla terza 
generazione [e.g. U(2)]

b ! c⌧⌫
<latexit sha1_base64="l1cAC8KWZF6oqKd5XYJ+zhH6wOU="></latexit><latexit sha1_base64="l1cAC8KWZF6oqKd5XYJ+zhH6wOU="></latexit><latexit sha1_base64="l1cAC8KWZF6oqKd5XYJ+zhH6wOU="></latexit><latexit sha1_base64="l1cAC8KWZF6oqKd5XYJ+zhH6wOU="></latexit>b ! s``

<latexit sha1_base64="e47/95wQ/1t5SjKh42/jPOTp358="></latexit><latexit sha1_base64="e47/95wQ/1t5SjKh42/jPOTp358="></latexit><latexit sha1_base64="e47/95wQ/1t5SjKh42/jPOTp358="></latexit><latexit sha1_base64="e47/95wQ/1t5SjKh42/jPOTp358="></latexit>

~25% di un loop nel MS ~20% di un effetto tree-level nel MS
3Q ! 2Q2L2L

<latexit sha1_base64="orAsCuHEf8hr3+3EBg6W13H8BfE="></latexit><latexit sha1_base64="orAsCuHEf8hr3+3EBg6W13H8BfE="></latexit><latexit sha1_base64="orAsCuHEf8hr3+3EBg6W13H8BfE="></latexit><latexit sha1_base64="orAsCuHEf8hr3+3EBg6W13H8BfE="></latexit>

3Q ! 2Q3L3L
<latexit sha1_base64="9UbGkfst7W+P/CzqrPmX4rIWK1c="></latexit><latexit sha1_base64="9UbGkfst7W+P/CzqrPmX4rIWK1c="></latexit><latexit sha1_base64="9UbGkfst7W+P/CzqrPmX4rIWK1c="></latexit><latexit sha1_base64="9UbGkfst7W+P/CzqrPmX4rIWK1c="></latexit>

≪
nuova

 fisica:
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Due lezioni dalla Zurich Guide               

• L’applicazione dell’analisi effettiva a modelli dinamici con un unico 
mediatore identifica nel leptoquark vettore                       ( ∼TeV ) il 
candidato più promettente. 

Buttazzo et al. [1706.07808]

• La Zurich Guide mostra che è possibile descrivere le anomalie del 
mesone B e le gerarchie di sapore in modo consistente all’interno di una 
teoria effettiva, rispettando tutti i vincoli fenomenologici senza fine 
tuning.

la Guida rappresenta una potente dimostrazione concettuale della 
possibilità di spiegare simultaneamente anomalie e gerarchie di sapore!

Completamento UV?…

Uµ(3, 1)2/3

→
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Completamento UV per un leptoquark vettore

Se interpretiamo il LQ come bosone di gauge massivo di una simmetria di 
gauge spontaneamente rotta, viene naturale cercare un completamento UV 
in variazioni del gruppo di gauge di Pati-Salam (PS): 

PS = SU(4) ⇥ SU(2)L ⇥ SU(2)R

SU(4) è la scelta minimale per ottenere un LQ vettore con i corretti 
numeri quantici 

Pati, Salam, Phys. Rev. D10 (1974) 275

 L,R =

2

6664

Q↵
L,R

Q�
L,R

Q�
L,R

LL,R

3

7775

il LQ di Pati-Salam non distingue i sapori → per rispettare i vincoli  da 
processi che coinvolgono le generazioni leggere (                ) dovrebbe 
giocoforza essere molto pesante, intorno ai 100 TeV.

KL ! µe

“quarto colore”

 Pati-Salam “minimale” non funziona!
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rottura verticale alla 
scala alta  [           TeV] 

[                      ] 

La nostra proposta: Pati Salam…al cubo! 

La rottura al MS diagonale è ottenuta mediante opportuni campi scalari con 
valore di aspettazione non nullo, responsabili anche delle gerarchie di sapore. 

PS3 = [SU(4) ⇥ SU(2)L ⇥ SU(2)R]
3

Idea chiave: ad alte energie ciascuna generazione è carica rispetto a un gruppo 
di gauge indipendente

PS1 ! SM1

rottura verticale alla 
scala bassa [EWSB] 

[                            ] SM3 ! QED3

campi di link⌦
ij ,� L,R

ij
<latexit sha1_base64="aWmBuMKQAKfpXj4hPasaGc60/7I="></latexit><latexit sha1_base64="aWmBuMKQAKfpXj4hPasaGc60/7I="></latexit><latexit sha1_base64="aWmBuMKQAKfpXj4hPasaGc60/7I="></latexit><latexit sha1_base64="aWmBuMKQAKfpXj4hPasaGc60/7I="></latexit>

⇠103
<latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit><latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit><latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit><latexit sha1_base64="swd1AVtpY7hdqu7/TS8EqlDPS3o=">AAAB+HicbVDLSsNAFL2prxqr1rWbwSK4KokbdSe4cVnB2EIbymQyaYdOJmHmplhC9+LW/3Al/ou/4Rc4bbOw1gMXDufM49wT5VIY9Lwvp7a1vbO7V993Dxru4dFxs/FkskIzHrBMZroXUcOlUDxAgZL3cs1pGknejSZ3C7875dqITD3iLOdhSkdKJIJRtFJn2Gx5bW8Jskn8irSgwrD5PYgzVqRcIZPUmL7v5RiWVKNgks/dQWF4TtmEjnjfUkVTbsJyGXNOzq0SkyTTdhSSpfr7RklTY2ZpZE+mFMfmr7cQ//P6BSbXYSlUXiBXbPVRUkiCGVnsTGKhOUM5s4QyLWxWwsZUU4a2mbWX4qnITZX6eRXbtR35fxvZJMFl+6btP3hQh1M4gwvw4Qpu4R46EACDGF7hzXlx3p2PVZU1p+r0BNbgfP4A1EOXrQ==</latexit><latexit sha1_base64="8LxU1OKcqVT4dV2mfpkhZ6fJ3l8=">AAACI3icbVC9TsMwGPxS/kopUFhZDBWIqUpgADYkFsYiEVqpKZXjuK1VJ45sp6KK+ga8DKzwHogB8Q48AU6agbacZPl0Z3/f6fyYM6Vt+9MqrayurW+UNytb1e2d3dpe9UGJRBLqEsGFbPtYUc4i6mqmOW3HkuLQ57Tlj24yvzWmUjER3etJTLshHkSszwjWRurVTlIvH5JKGkwrni94oCahuVJPsdA7RI79eD6d9mp1u2HnQMvEKUgdCjR7tR8vECQJaaQJx0p1HDvW3RRLzQinZlOiaIzJCA9ox9AIh1R10zzKFB0bJUB9Ic2JNMrVvz9SHKospXkZYj1Ui14m/ud1Et2/7KYsihNNIzJb1E840gJl5aCASUo0nxiCiWQmKyJDLDHRpsK5ScGYxapI/TSLXTElOYuVLBP3rHHVcO5sKMMBHMEpOHAB13ALTXCBwDO8whu8Wy/Wh/U1a7NkFbXuwxys71/OyqiR</latexit><latexit sha1_base64="8LxU1OKcqVT4dV2mfpkhZ6fJ3l8=">AAACI3icbVC9TsMwGPxS/kopUFhZDBWIqUpgADYkFsYiEVqpKZXjuK1VJ45sp6KK+ga8DKzwHogB8Q48AU6agbacZPl0Z3/f6fyYM6Vt+9MqrayurW+UNytb1e2d3dpe9UGJRBLqEsGFbPtYUc4i6mqmOW3HkuLQ57Tlj24yvzWmUjER3etJTLshHkSszwjWRurVTlIvH5JKGkwrni94oCahuVJPsdA7RI79eD6d9mp1u2HnQMvEKUgdCjR7tR8vECQJaaQJx0p1HDvW3RRLzQinZlOiaIzJCA9ox9AIh1R10zzKFB0bJUB9Ic2JNMrVvz9SHKospXkZYj1Ui14m/ud1Et2/7KYsihNNIzJb1E840gJl5aCASUo0nxiCiWQmKyJDLDHRpsK5ScGYxapI/TSLXTElOYuVLBP3rHHVcO5sKMMBHMEpOHAB13ALTXCBwDO8whu8Wy/Wh/U1a7NkFbXuwxys71/OyqiR</latexit><latexit sha1_base64="P7vyEri2okf4DF7fPN2jPjkXtn0=">AAACLnicbVC7TsMwFHV4lvIKMLIYKhBTlcAA3SqxMBaJ0EpNqBzHaa06TmQ7FVXUP+BnYIX/QAyIlZkvwEkz0JYrWT465z6Ojp8wKpVlfRhLyyura+uVjerm1vbOrrm3fy/jVGDi4JjFouMjSRjlxFFUMdJJBEGRz0jbH17nentEhKQxv1PjhHgR6nMaUoyUpnrmaeYWSzJBgknV9WMWyHGkv8yVNHKPoG09XEwmPbNm1a2i4CKwS1ADZbV65o8bxDiNCFeYISm7tpUoL0NCUcyIvpRKkiA8RH3S1ZCjiEgvK6xM4IlmAhjGQj+uYMH+nchQJHOXujNCaiDntZz8T+umKrzyMsqTVBGOp4fClEEVwzwcGFBBsGJjDRAWVHuFeIAEwkpHOLMpGNFElq4fp7arOiR7PpJF4JzXG3X71qo1G2VaFXAIjsEZsMElaIIb0AIOwOAJvIBX8GY8G+/Gp/E1bV0yypkDMFPG9y8YSaod</latexit><latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit><latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit><latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit><latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit><latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit><latexit sha1_base64="4+2I7cP8M6qh1cW267K7p3vvhcQ=">AAACLnicbVC7TsMwFHXKq5RXgJHFUIGYqgSQoFslFsYiEVqpCZXjOK1V5yHbqaii/AE/Ayv8B2JArMx8AU6agbZcyfLROfdxdNyYUSEN40OrLC2vrK5V12sbm1vbO/ru3r2IEo6JhSMW8a6LBGE0JJakkpFuzAkKXEY67ug61ztjwgWNwjs5iYkToEFIfYqRVFRfP0ntYknKiZfVbDdinpgE6kttQQP7EJrGw3mW9fW60TCKgovALEEdlNXu6z+2F+EkIKHEDAnRM41YOinikmJG1KVEkBjhERqQnoIhCohw0sJKBo8V40E/4uqFEhbs34kUBSJ3qToDJIdiXsvJ/7ReIv0rJ6VhnEgS4ukhP2FQRjAPB3qUEyzZRAGEOVVeIR4ijrBUEc5s8sY0FqXrx6ntmgrJnI9kEVhnjWbDvL2ot5plWlVwAI7AKTDBJWiBG9AGFsDgCbyAV/CmPWvv2qf2NW2taOXMPpgp7fsXGYmqIQ==</latexit>

8



Sotto  ∼100 TeV,            è rotto 
lievemente da operatori con d>4


→ Yukawa per le generazioni leggere 
e altri (piccoli) termini di rottura

Rottura spontanea di PS3 e accoppiamenti di Yukawa

Al di sotto di ∼1000 TeV

simmetria di sapore accidentale   ciao                

(= Yukawa solo per la 3a famiglia)

h�L
`3ih�R

3`i
⇤2
23

h⌦`3i
⇤23

Yf =


� V
0 y3

�

Ottima descrizione degli accoppiamenti di Yukawa del MS!

U(2)5

U(2)5
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Sotto  ∼100 TeV,            è rotto 
lievemente da operatori con d>4


→ Yukawa per le generazioni leggere 
e altri (piccoli) termini di rottura

Rottura spontanea di PS3 e accoppiamenti di Yukawa

Al di sotto di ∼1000 TeV

simmetria di sapore accidentale   ciao                

(= Yukawa solo per la 3a famiglia)

h�L
`3ih�R

3`i
⇤2
23

h⌦`3i
⇤23

Yf =


� V
0 y3

�

Ottima descrizione degli accoppiamenti di Yukawa del MS!

U(2)5

U(2)5
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Bosoni di gauge alla scala del TeV

La fenomenologia dei collider e 
delle basse energie è determinata 
completamente dall’ultima rottura 
di simmetria.

La struttura di sapore degli accoppiamenti ai fermioni — prima della rotazione 
alla base di massa — è controllata dalla simmetria          e da (piccoli) termini che 
la violano :

Costruzioni simili in:

Di Luzio  et al.1708.08450

Diaz et al. 1706.05033

Georgi, Nakai, 1606.05865

U(2)

Z0 :
<latexit sha1_base64="I7s3K8yScBX5MzxjTnAqEeGTeZ8="></latexit><latexit sha1_base64="I7s3K8yScBX5MzxjTnAqEeGTeZ8="></latexit><latexit sha1_base64="I7s3K8yScBX5MzxjTnAqEeGTeZ8="></latexit><latexit sha1_base64="I7s3K8yScBX5MzxjTnAqEeGTeZ8="></latexit>

G0 :
<latexit sha1_base64="DEFxy16JcuLbBkCedJ6ZKMFEBiE="></latexit><latexit sha1_base64="DEFxy16JcuLbBkCedJ6ZKMFEBiE="></latexit><latexit sha1_base64="DEFxy16JcuLbBkCedJ6ZKMFEBiE="></latexit><latexit sha1_base64="DEFxy16JcuLbBkCedJ6ZKMFEBiE="></latexit>

g4 diag(✏
0
U , ✏U , 1)

10

∼1-3 TeV

+

h⌦`3i

SU(4)3 ⇥ SU(3)1+2 ⇥ SU(2)L ⇥ U(1)0

SM

�
!

LQ , Z0 , G0

 1,2

 1,2,3

 3

g4 � g3, g1

U :

gc diag

✓
�g3
g4

,�g3
g4

,
g4
g3

◆

gc diag

✓
�g1
g4

,�g1
g4

,
g4
g1

◆



Bosoni di gauge alla scala del TeV

La fenomenologia dei collider e 
delle basse energie è determinata 
completamente dall’ultima rottura 
di simmetria.

La struttura di sapore degli accoppiamenti ai fermioni — prima della rotazione 
alla base di massa — è controllata dalla simmetria          e da (piccoli) termini che 
la violano :

Costruzioni simili in:

Di Luzio  et al.1708.08450

Diaz et al. 1706.05033

Georgi, Nakai, 1606.05865

U(2)

Z0 :
<latexit sha1_base64="I7s3K8yScBX5MzxjTnAqEeGTeZ8="></latexit><latexit sha1_base64="I7s3K8yScBX5MzxjTnAqEeGTeZ8="></latexit><latexit sha1_base64="I7s3K8yScBX5MzxjTnAqEeGTeZ8="></latexit><latexit sha1_base64="I7s3K8yScBX5MzxjTnAqEeGTeZ8="></latexit>

G0 :
<latexit sha1_base64="DEFxy16JcuLbBkCedJ6ZKMFEBiE="></latexit><latexit sha1_base64="DEFxy16JcuLbBkCedJ6ZKMFEBiE="></latexit><latexit sha1_base64="DEFxy16JcuLbBkCedJ6ZKMFEBiE="></latexit><latexit sha1_base64="DEFxy16JcuLbBkCedJ6ZKMFEBiE="></latexit>

g4 diag(✏
0
U , ✏U , 1) bR � ⌧R

<latexit sha1_base64="bZ2iEtPRAIMeinab0l6Ab3DALKU="></latexit><latexit sha1_base64="bZ2iEtPRAIMeinab0l6Ab3DALKU="></latexit><latexit sha1_base64="bZ2iEtPRAIMeinab0l6Ab3DALKU="></latexit><latexit sha1_base64="bZ2iEtPRAIMeinab0l6Ab3DALKU="></latexit>• accoppiamenti                del  LQ non 
soppressi [→ operatori scalari di 
corrente carica!]

•     e      inevitabili, con masse vicine a 
quella del LQ [→ ricerche dirette a LHC!]

+ LQ , Z0 , G0+ LQ , Z0 , G0

10

∼1-3 TeV

+

h⌦`3i

SU(4)3 ⇥ SU(3)1+2 ⇥ SU(2)L ⇥ U(1)0

SM

�
!

LQ , Z0 , G0

 1,2

 1,2,3

 3

g4 � g3, g1

U :

gc diag

✓
�g3
g4

,�g3
g4

,
g4
g3

◆

gc diag

✓
�g1
g4

,�g1
g4

,
g4
g1

◆



 Fenomenologia di PS3

Il modello deve confrontarsi con due tipi di vincoli:

• Ricerche dirette a LHC
• Osservabili di bassa energia

matching alla SMEFT

(                “integrated out”)

matching alla LEFT

∼TeV

EW

Metodo: 

Lagrangian di

Osservabili espresse in termini 
dei coefficienti di Wilson 

-               

- decadimenti leptonici e semileptonici del B

�F = 2
<latexit sha1_base64="Vh2H61nSvelxZFIsG3O22o4CJOs="></latexit><latexit sha1_base64="Vh2H61nSvelxZFIsG3O22o4CJOs="></latexit><latexit sha1_base64="Vh2H61nSvelxZFIsG3O22o4CJOs="></latexit><latexit sha1_base64="Vh2H61nSvelxZFIsG3O22o4CJOs="></latexit>

Parametri del modello determinati 
mediante fit globale

Osservabili incluse: 

U, Z 0, G0

U, Z 0, G0

Cµµ
9 , Cµµ

10 , Bs ! µµ, R(⇤)
D , B ! ⌧⌫ . . .

- decadimenti del ⌧
<latexit sha1_base64="UwKA2KEiXtuRgbnoiONjYMIX9U4=">AAACFXicbZDLSsNAFIYnXmu9RV26CRbBhZakF5ruCm5cVjC2kIQymU7aoZMLMxOhhDyFG1/FjQsVt4I738ZJmoW2Hhj4+P9zZs78XkwJF7r+raytb2xubVd2qrt7+weH6tHxPY8ShrCFIhqxoQc5piTEliCC4mHMMAw8igfe7Dr3Bw+YcRKFd2IeYzeAk5D4BEEhpZF6lTrFJTabeG6q141Gp200LyWYptlu5dBtN1t65giYZCO1ptf1orRVMEqogbL6I/XLGUcoCXAoEIWc24YeCzeFTBBEcVZ1Eo5jiGZwgm2JIQwwd9Nio0w7l8pY8yMmTyi0Qv09kcKA83ngyc4Aiilf9nLxP89OhG+6KQnjROAQLR7yE6qJSMsz0saEYSToXAJEjMhdNTSFDCIhk6zKEIzlL6+C1ah368Ztq9brlmlUwCk4AxfAAB3QAzegDyyAwCN4Bq/gTXlSXpR35WPRuqaUMyfgTymfP4Ium1k=</latexit><latexit sha1_base64="UwKA2KEiXtuRgbnoiONjYMIX9U4=">AAACFXicbZDLSsNAFIYnXmu9RV26CRbBhZakF5ruCm5cVjC2kIQymU7aoZMLMxOhhDyFG1/FjQsVt4I738ZJmoW2Hhj4+P9zZs78XkwJF7r+raytb2xubVd2qrt7+weH6tHxPY8ShrCFIhqxoQc5piTEliCC4mHMMAw8igfe7Dr3Bw+YcRKFd2IeYzeAk5D4BEEhpZF6lTrFJTabeG6q141Gp200LyWYptlu5dBtN1t65giYZCO1ptf1orRVMEqogbL6I/XLGUcoCXAoEIWc24YeCzeFTBBEcVZ1Eo5jiGZwgm2JIQwwd9Nio0w7l8pY8yMmTyi0Qv09kcKA83ngyc4Aiilf9nLxP89OhG+6KQnjROAQLR7yE6qJSMsz0saEYSToXAJEjMhdNTSFDCIhk6zKEIzlL6+C1ah368Ztq9brlmlUwCk4AxfAAB3QAzegDyyAwCN4Bq/gTXlSXpR35WPRuqaUMyfgTymfP4Ium1k=</latexit><latexit sha1_base64="UwKA2KEiXtuRgbnoiONjYMIX9U4=">AAACFXicbZDLSsNAFIYnXmu9RV26CRbBhZakF5ruCm5cVjC2kIQymU7aoZMLMxOhhDyFG1/FjQsVt4I738ZJmoW2Hhj4+P9zZs78XkwJF7r+raytb2xubVd2qrt7+weH6tHxPY8ShrCFIhqxoQc5piTEliCC4mHMMAw8igfe7Dr3Bw+YcRKFd2IeYzeAk5D4BEEhpZF6lTrFJTabeG6q141Gp200LyWYptlu5dBtN1t65giYZCO1ptf1orRVMEqogbL6I/XLGUcoCXAoEIWc24YeCzeFTBBEcVZ1Eo5jiGZwgm2JIQwwd9Nio0w7l8pY8yMmTyi0Qv09kcKA83ngyc4Aiilf9nLxP89OhG+6KQnjROAQLR7yE6qJSMsz0saEYSToXAJEjMhdNTSFDCIhk6zKEIzlL6+C1ah368Ztq9brlmlUwCk4AxfAAB3QAzegDyyAwCN4Bq/gTXlSXpR35WPRuqaUMyfgTymfP4Ium1k=</latexit><latexit sha1_base64="UwKA2KEiXtuRgbnoiONjYMIX9U4=">AAACFXicbZDLSsNAFIYnXmu9RV26CRbBhZakF5ruCm5cVjC2kIQymU7aoZMLMxOhhDyFG1/FjQsVt4I738ZJmoW2Hhj4+P9zZs78XkwJF7r+raytb2xubVd2qrt7+weH6tHxPY8ShrCFIhqxoQc5piTEliCC4mHMMAw8igfe7Dr3Bw+YcRKFd2IeYzeAk5D4BEEhpZF6lTrFJTabeG6q141Gp200LyWYptlu5dBtN1t65giYZCO1ptf1orRVMEqogbL6I/XLGUcoCXAoEIWc24YeCzeFTBBEcVZ1Eo5jiGZwgm2JIQwwd9Nio0w7l8pY8yMmTyi0Qv09kcKA83ngyc4Aiilf9nLxP89OhG+6KQnjROAQLR7yE6qJSMsz0saEYSToXAJEjMhdNTSFDCIhk6zKEIzlL6+C1ah368Ztq9brlmlUwCk4AxfAAB3QAzegDyyAwCN4Bq/gTXlSXpR35WPRuqaUMyfgTymfP4Ium1k=</latexit>

- LEP
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Charged current anomalyInterpretazione dell’anomalia in b ! c⌧⌫
<latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit>

bL cL

τL ντ

U
Vcb

bR cL

τR ντ

U
Vcb

Contributi degli operatori vettoriale/scalare in verde/blu

CU =
g2Uv

2

4M2
U

<latexit sha1_base64="KzQjYnKVR/2HblJbrGOPsdeV6yE="></latexit><latexit sha1_base64="KzQjYnKVR/2HblJbrGOPsdeV6yE="></latexit><latexit sha1_base64="KzQjYnKVR/2HblJbrGOPsdeV6yE="></latexit><latexit sha1_base64="KzQjYnKVR/2HblJbrGOPsdeV6yE="></latexit>

CV,LL
⌫edu

<latexit sha1_base64="zcFcNUPVQDFAapQ0XKLugTPaFQQ="></latexit><latexit sha1_base64="zcFcNUPVQDFAapQ0XKLugTPaFQQ="></latexit><latexit sha1_base64="zcFcNUPVQDFAapQ0XKLugTPaFQQ="></latexit><latexit sha1_base64="zcFcNUPVQDFAapQ0XKLugTPaFQQ="></latexit>

CS,RL
⌫edu

<latexit sha1_base64="cG6BmSymKObnibN4dR6RjEVb1JE="></latexit><latexit sha1_base64="cG6BmSymKObnibN4dR6RjEVb1JE="></latexit><latexit sha1_base64="cG6BmSymKObnibN4dR6RjEVb1JE="></latexit><latexit sha1_base64="cG6BmSymKObnibN4dR6RjEVb1JE="></latexit>

Differenza chiave rispetto 
alle soluzioni standard!

�RD⇤ = RD⇤/RSM
D⇤ � 1 ⇡ 2 (1+ 0.12)CU

�RD = RD/RSM
D � 1 ⇡ 2 (1+ 1.5)CU

)
=) �RD⇤

�RD
' 0.45

<latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit>
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Interpretazione dell’anomalia in

�RD⇤ = RD⇤/RSM
D⇤ � 1 ⇡ 2 (1+ 0.12)CU

�RD = RD/RSM
D � 1 ⇡ 2 (1+ 1.5)CU

)
=) �RD⇤

�RD
' 0.45

<latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit>

SM SMDati sperimentali a 1 �
<latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit>

Dati sperimentali a 1 �
<latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit>

b ! c⌧⌫
<latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit>
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Interpretazione dell’anomalia in

�RD⇤ = RD⇤/RSM
D⇤ � 1 ⇡ 2 (1+ 0.12)CU

�RD = RD/RSM
D � 1 ⇡ 2 (1+ 1.5)CU

)
=) �RD⇤

�RD
' 0.45

<latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit><latexit sha1_base64="wrgoZclXBqSchNV3cFPYhyJH7Tc="></latexit>

SM SMDati sperimentali a 1 �
<latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit>

Incremento fino a                  SM in B ! ⌧⌫
<latexit sha1_base64="BMmpmb6hKHEWjpiZ3tKJLL0O1j0="></latexit><latexit sha1_base64="BMmpmb6hKHEWjpiZ3tKJLL0O1j0="></latexit><latexit sha1_base64="BMmpmb6hKHEWjpiZ3tKJLL0O1j0="></latexit><latexit sha1_base64="BMmpmb6hKHEWjpiZ3tKJLL0O1j0="></latexit>

[Compatibili con i dati attuali (in attesa di Belle II)]
O(50%)⇥

Dati sperimentali a 1 �
<latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit><latexit sha1_base64="pSMUW3SABENYAXDE1usvwREq3TU=">AAACF3icbZC7TsMwFIadcivlFmBkiaiQGFBIolLIVomFsUiEVkqiynGd1qpzke0gVVEfg4VXYWEAxAobb4ObZICWI1n69P/n2Md/kFLChWF8K7WV1bX1jfpmY2t7Z3dP3T+450nGEHZQQhPWDyDHlMTYEURQ3E8ZhlFAcS+YXM/93gNmnCTxnZim2I/gKCYhQVBIaaCe515xictGgZ8bumW3LcM+K+GiXYJpWzOPk1EEZwO1aehGUdoymBU0QVXdgfrlDROURTgWiELOXdNIhZ9DJgiieNbwMo5TiCZwhF2JMYww9/Nip5l2IpWhFiZMnlhohfp7IocR59MokJ0RFGO+6M3F/zw3E+GVn5M4zQSOUflQmFFNJNo8JW1IGEaCTiVAxIjcVUNjyCASMsuGDMFc/PIyOJZu6+Ztq9lpVWnUwRE4BqfABJegA25AFzgAgUfwDF7Bm/KkvCjvykfZWlOqmUPwp5TPHyXjnDs=</latexit>

b ! c⌧⌫
<latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit><latexit sha1_base64="Nd0rOBgrkMmMT32jfHASfchHE8Y="></latexit>

13



Interpretazione dell’anomalia in b ! s``
<latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit>

Verrebbe immediato 
pensare alla     …      

Z 0
bL

sL

µL,R

µL,R

⇥✓bsZ 0
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Interpretazione dell’anomalia in b ! s``
<latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit>

bL

sL sL

bL

⇥✓bs ✓bs⇥

Z 0, G0

|✓bs| . 0.1|Vts|

I vincoli provenienti dalle oscillazioni del B 
impongono allineamento nel settore down

….e invece no!

Verrebbe immediato 
pensare alla     …      

Z 0
bL

sL

µL,R

µL,R

⇥✓bsZ 0 ✗
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Il contributo dominante alle transizioni                è mediato dal leptoquark:

b ! s``
<latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit>

b ! s``
<latexit sha1_base64="7EhgCiJQJZyQmkty+FE+pBrfYuU="></latexit><latexit sha1_base64="7EhgCiJQJZyQmkty+FE+pBrfYuU="></latexit><latexit sha1_base64="7EhgCiJQJZyQmkty+FE+pBrfYuU="></latexit><latexit sha1_base64="A8uPh6FHlGxKAAzuXESg65VIgb8="></latexit>

bL sL

µL µL

U

ϵU
θτµ

b ! sµµ

(RK , RK⇤)

b sL

τ µL

U

ϵU

b sL

τ τL

U

ϵU θτµ

b ! s⌧⌧ b ! s⌧µ

Altra differenza chiave rispetto ad 
altre soluzioni:

b ! s⌧⌧ ⇠ b ! sµµ
<latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="Vxy81SH9KtD7bO+lyhf2M6+6+IU="></latexit>

b ! s⌧µ ⇠ O(5)⇥ b ! sµµ
<latexit sha1_base64="0q2WeOiI+n605eRqx9RflJ3JXTI="></latexit><latexit sha1_base64="0q2WeOiI+n605eRqx9RflJ3JXTI="></latexit><latexit sha1_base64="0q2WeOiI+n605eRqx9RflJ3JXTI="></latexit><latexit sha1_base64="+IFnnV6IVMJc7k6EY/LJ9axj1rU="></latexit>

Interpretazione dell’anomalia in b ! s``
<latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit><latexit sha1_base64="8ln7q4XC/GMBDTPOSB6GPmm/wpA="></latexit>
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Risultati del fit globale

Il fit ai dati di bassa energia è molto buono! 
[anche se non riproduce il valore centrale di       /       ] 

Noi siamo QUI!

RD RD⇤
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Ricerche dirette alla scala del TeV

Caratteristiche importanti dei nuovi bosoni massivi: 

• Accoppiamenti non universali, prevalgono quelli con la 3a generazione
• Risonanze larghe (specialmente  per      e     ); le ricerche svolte finora si 

concentrano su risonanze strette
Z 0

<latexit sha1_base64="/MxZQS1AQmDaNiB3YmKr1yl6ipk="></latexit><latexit sha1_base64="/MxZQS1AQmDaNiB3YmKr1yl6ipk="></latexit><latexit sha1_base64="/MxZQS1AQmDaNiB3YmKr1yl6ipk="></latexit><latexit sha1_base64="/MxZQS1AQmDaNiB3YmKr1yl6ipk="></latexit>

G0
<latexit sha1_base64="CJlA1KA5jgPiB5+IZpu6jjLhLl4=">AAACE3icbVDNS8MwHE3n15xfVY9eikMUlJHO4txt4EGPE6wbdGWkWbqFpR8kqTBK/wgv/itePKh49eLN/8as60E3HwQe771f8svzYkaFhPBbKy0tr6yuldcrG5tb2zv67t69iBKOiY0jFvGuhwRhNCS2pJKRbswJCjxGOt74aup3HggXNArv5CQmboCGIfUpRlJJff007eWXOHzouSmsQQua8OIM1sxzq242c1JvNKzs+jjr61UVyGEsErMgVVCg3de/eoMIJwEJJWZICMeEsXRTxCXFjGSVXiJIjPAYDYmjaIgCItw03yczjpQyMPyIqxNKI1d/T6QoEGISeCoZIDkS895U/M9zEulfuikN40SSEM8e8hNmyMiYNmQMKCdYsokiCHOqdjXwCHGEpeqxokow57+8SOx6rVkzb61qq1m0UQYH4BCcABM0QAvcgDawAQaP4Bm8gjftSXvR3rWPWbSkFTP74A+0zx8mdZn5</latexit><latexit sha1_base64="CJlA1KA5jgPiB5+IZpu6jjLhLl4=">AAACE3icbVDNS8MwHE3n15xfVY9eikMUlJHO4txt4EGPE6wbdGWkWbqFpR8kqTBK/wgv/itePKh49eLN/8as60E3HwQe771f8svzYkaFhPBbKy0tr6yuldcrG5tb2zv67t69iBKOiY0jFvGuhwRhNCS2pJKRbswJCjxGOt74aup3HggXNArv5CQmboCGIfUpRlJJff007eWXOHzouSmsQQua8OIM1sxzq242c1JvNKzs+jjr61UVyGEsErMgVVCg3de/eoMIJwEJJWZICMeEsXRTxCXFjGSVXiJIjPAYDYmjaIgCItw03yczjpQyMPyIqxNKI1d/T6QoEGISeCoZIDkS895U/M9zEulfuikN40SSEM8e8hNmyMiYNmQMKCdYsokiCHOqdjXwCHGEpeqxokow57+8SOx6rVkzb61qq1m0UQYH4BCcABM0QAvcgDawAQaP4Bm8gjftSXvR3rWPWbSkFTP74A+0zx8mdZn5</latexit><latexit sha1_base64="CJlA1KA5jgPiB5+IZpu6jjLhLl4=">AAACE3icbVDNS8MwHE3n15xfVY9eikMUlJHO4txt4EGPE6wbdGWkWbqFpR8kqTBK/wgv/itePKh49eLN/8as60E3HwQe771f8svzYkaFhPBbKy0tr6yuldcrG5tb2zv67t69iBKOiY0jFvGuhwRhNCS2pJKRbswJCjxGOt74aup3HggXNArv5CQmboCGIfUpRlJJff007eWXOHzouSmsQQua8OIM1sxzq242c1JvNKzs+jjr61UVyGEsErMgVVCg3de/eoMIJwEJJWZICMeEsXRTxCXFjGSVXiJIjPAYDYmjaIgCItw03yczjpQyMPyIqxNKI1d/T6QoEGISeCoZIDkS895U/M9zEulfuikN40SSEM8e8hNmyMiYNmQMKCdYsokiCHOqdjXwCHGEpeqxokow57+8SOx6rVkzb61qq1m0UQYH4BCcABM0QAvcgDawAQaP4Bm8gjftSXvR3rWPWbSkFTP74A+0zx8mdZn5</latexit><latexit sha1_base64="CJlA1KA5jgPiB5+IZpu6jjLhLl4=">AAACE3icbVDNS8MwHE3n15xfVY9eikMUlJHO4txt4EGPE6wbdGWkWbqFpR8kqTBK/wgv/itePKh49eLN/8as60E3HwQe771f8svzYkaFhPBbKy0tr6yuldcrG5tb2zv67t69iBKOiY0jFvGuhwRhNCS2pJKRbswJCjxGOt74aup3HggXNArv5CQmboCGIfUpRlJJff007eWXOHzouSmsQQua8OIM1sxzq242c1JvNKzs+jjr61UVyGEsErMgVVCg3de/eoMIJwEJJWZICMeEsXRTxCXFjGSVXiJIjPAYDYmjaIgCItw03yczjpQyMPyIqxNKI1d/T6QoEGISeCoZIDkS895U/M9zEulfuikN40SSEM8e8hNmyMiYNmQMKCdYsokiCHOqdjXwCHGEpeqxokow57+8SOx6rVkzb61qq1m0UQYH4BCcABM0QAvcgDawAQaP4Bm8gjftSXvR3rWPWbSkFTP74A+0zx8mdZn5</latexit>

p p → τ+τ- [1609.07138]

p p→ τ+τ- 300 fb-1

p
p
→
U
1
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1*
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grafico per il modello model “4321” in [1708.08450] 

(Conclusioni simili per        )PS3

<latexit sha1_base64="vW3WpngncB8wK0HSFiqvPOMD0Pc="></latexit><latexit sha1_base64="vW3WpngncB8wK0HSFiqvPOMD0Pc="></latexit><latexit sha1_base64="vW3WpngncB8wK0HSFiqvPOMD0Pc="></latexit><latexit sha1_base64="vW3WpngncB8wK0HSFiqvPOMD0Pc="></latexit>

[Presentato da M. Nardecchia a La Thuile 2018]

Colorone
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Secle anomalie del B sono veramente segnali di 
nuova fisica, ci aspettiamo che nuove indicazioni 
sperimentali (sia ad alte che a basse energie) 
compaiano presto in molte osservabili. 

Pati-Salam3 presenta varie caratteristiche che lo differenziano da altre 
soluzioni, e ha di conseguenza segnature molto peculiari:

Conclusioni

Ci attendono tempi interessanti! 

★ stesso contributo di nuova fisica in               e              , 5x in 

★ notevole incremento in               [fino a                 SM]
★            

b ! s⌧⌧ ⇠ b ! sµµ
<latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="Vxy81SH9KtD7bO+lyhf2M6+6+IU="></latexit>

B ! ⌧⌫
<latexit sha1_base64="BMmpmb6hKHEWjpiZ3tKJLL0O1j0="></latexit><latexit sha1_base64="BMmpmb6hKHEWjpiZ3tKJLL0O1j0="></latexit><latexit sha1_base64="BMmpmb6hKHEWjpiZ3tKJLL0O1j0="></latexit><latexit sha1_base64="BMmpmb6hKHEWjpiZ3tKJLL0O1j0="></latexit> O(50%)⇥

b ! s⌧⌧ ⇠ b ! sµµ
<latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="sC2S6WdH6rY2guUTLMg28uYE2Ac="></latexit><latexit sha1_base64="Vxy81SH9KtD7bO+lyhf2M6+6+IU="></latexit>

Ruolo chiave dell’ operatore scalare (CC):
�RD⇤/�RD ' 0.45

<latexit sha1_base64="20Uc1Cwdd6qE22uzgwR4epyyasQ="></latexit><latexit sha1_base64="20Uc1Cwdd6qE22uzgwR4epyyasQ="></latexit><latexit sha1_base64="20Uc1Cwdd6qE22uzgwR4epyyasQ="></latexit><latexit sha1_base64="20Uc1Cwdd6qE22uzgwR4epyyasQ="></latexit>

b ! s⌧µ ⇠ O(5)⇥ b ! sµµ
<latexit sha1_base64="0q2WeOiI+n605eRqx9RflJ3JXTI="></latexit><latexit sha1_base64="0q2WeOiI+n605eRqx9RflJ3JXTI="></latexit><latexit sha1_base64="0q2WeOiI+n605eRqx9RflJ3JXTI="></latexit><latexit sha1_base64="+IFnnV6IVMJc7k6EY/LJ9axj1rU="></latexit>
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È possibile trovare una spiegazione simultanea ben motivata delle anomalie 
di sapore, compatibile con i dati attuali a basse e ad alte energie e legata alla 
struttura degli accoppiamenti di Yukawa.


