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Flavour	Observables:	Anomalies	and	correlaPons	

•  Tensions	between	SM	&	(some)		exp	results	
•  331	Models	
•  Focus	on	ε’/ε	and	correlaPons	with	other	observables	
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Workshop	
Effec-ve	Field	Theories	for	Collider	Physics,	

Flavor	Phenomena	and	Electroweak	
Symmetry	Breaking	
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Results	for	flavour	observables	
		deviaPng	from	SM	predicPons	

Comparing	to	SM		
Bobeth	et	al.	PRL	112	(2014)	101801:	

BR(Bs → µ+ µ- ) & BR(Bd → µ+ µ- )	

CMS	&	LHCb		
Nature	522	(2015)	68	

Models	suppressing	B(Bs	->	µ+	µ-)	are	favoured	

Recent	ATLAS	result:		



Observables	in	B → K* µ+ µ -: LHCb results	

Theory	indicaPons:	NP	contribuPons	to	C9	should	be	large	

LHCb	JHEP	1602	(2016)	104		
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ε’/ε	

World	Ave	NA48	+	KTeV	

Recent	SM	result	
using	RBC-UKQCD	lafce	results	
for	B	parameters		

A.J.	Buras,	M.	Gorbahn,	S.	Jager,	M.	Jamin	
JHEP	11	(2015)	202	

Using	large	–	N	results		
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A.J.	Buras,	J.-M.	Gerard	
JHEP	12	(2015)	008	

The	main	uncertainty	in	SM	comes	from	the	cancellaPon		
between	QCD	and	EW	penguin	contribuPon	
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Aim	of	this	talk:	
	
Explore	correlaPons	between	ε’/ε	and		these	“problema*c”	observables		
in	a	well	defined	NP	model	
	
In	the	case	of	ε’/ε	consider	only	the	shik	wrt	SM		



331	Models:	general	features	

Gauge	group:																								SU(3)C	X	SU(3)L	X	U(1)X	
	
Spontaneously	broken	to				SU(3)C	X	SU(2)L	X	U(1)X	
	
Spontaneously	broken	to				SU(3)C	X	U(1)Q	

Nice		
features:	

• 	requirement	of	anomaly	cancelaPon	+	asympoPc	freedom	of	QCD		implies		
																								number	of	generaPons=	number	of	colors	

• 	two	quark	generaPons	transform	as	triplets	under	SU(3)L	,	one	as	an	anPtriplet		
														this	may	allow	to	understand	why	top	mass	is	so	large	

Fundamental	relaPon:	 XTTQ ++= 83  β

Key	parameter:	defines	the	variant	of	the	model	
	
β=±1/√3,	± 2/√3	
• 		lead	to	interesPng	phenomenology	
• 		for	β=±1/√3	the		new	gauge	bosons	have	integer	charge	

P.	Frampton,	PRL	69	(92)	2889	
F.	Pisano	&	V.	Pleitez,	PRD	46	(92)	410	
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331	Model:	new	parPcle	content	

New	Gauge	Bosons	 A	new	heavy	Z’	mediates		
tree	level	FCNC	in	the	quark	sector	

Extended	Higgs	sector	 Three	SU(3)L	triplets,	one	sextet	

New	heavy	fermions	
D,S	,T		new	heavy	quarks	
	
El						new	heavy	neutrinos	(both	L	&	R)	

ρ, η,  ξ	
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331	Model:	new	parPcle	content	

New	Gauge	Bosons	 A	new	heavy	Z’	mediates		
tree	level	FCNC	in	the	quark	sector	

Extended	Higgs	sector	 Three	SU(3)L	triplets,	one	sextet	

New	heavy	fermions	
D,S	,T		new	heavy	quarks	
	
El						new	heavy	neutrinos	(both	L	&	R)	

ρ, η,  ξ	

give	mass	to	up	and	down-type	quarks	with	
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331	Models:	gauge	sector	

SU(3)L	Gauge	Bosons:				
Wa		a=1,…8	

Charged	ones:		

New	Gauge	Bosons,		
with	charges	depending	on		β	

SM	ones	

Neutral		ones:		

U(1)X	Gauge	Boson:			X	
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331	Models:	gauge	sector	

Mixing	parern	among	the	neutral	gauge	bosons	

g						→				SU(3)L		gauge	coupling	constant	
	
gX			→    U(1)X   gauge coupling constant	

It	turns	out	that	
θW	is	the	Weinberg	angle	
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331	Models:	gauge	sector	

Mixing	between	Z	and	Z’	

sin	ξ ≅ Ο(10-3)   	
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331	Models:	gauge	sector	

Mixing	between	Z	and	Z’	

sin	ξ ≅ Ο(10-3)   	

Consequences	of	mixing:	
•  	flavour	violaPng	couplings	of	Z	to	quarks	are	generated	

	
•  	flavour	diagonal	couplings	to	SM	fermions		
							differ	from	SM	Z	couplings	 12	



331	Models:	Fermions	

Lek-handed	quarks	

SM	quarks	

SU(3)L	triplets	 anPtriplet	

Corresponding	right-handed	quarks	are	singlets	

Lek-handed	leptons	

anPtriplets	
The	choice	of	the	third	component		
depends	on	the	variant	of	the	model	
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331	Models:	Fermions	

Lek-handed	quarks	

SM	quarks	

SU(3)L	anPtriplets	 triplet	

Corresponding	right-handed	quarks	are	singlets	

Lek-handed	leptons	

triplets	
The	choice	of	the	third	component		
depends	on	the	variant	of	the	model	
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331	Models:	Fermions	

Lek-handed	quarks	

SM	quarks	

SU(3)L	anPtriplets	 triplet	

Corresponding	right-handed	quarks	are	singlets	

Lek-handed	leptons	

triplets	
The	choice	of	the	third	component		
depends	on	the	variant	of	the	model	

16	



331	Models:	quark	mixing	

Quark	mass	eigenstates	defined	upon	rotaPon	through	two	unitary	matrices	UL	&	VL	

In	contrast	to	SM	only	one	of	them	can	be	traded	for	VCKM,		
the	other	one	enters	in	Z’	couplings	to	quarks	
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331	Models:	Z’	couplings	to	quarks	
The	case	of	Bd,Bs,K	systems	

depend	only	on	four	new	parameters:	

stringent	correlaPons	between	observables	expected	

Bd		system	→		only		on		s13	and		δ1	
	
Bs		system	→		only		on		s23	and		δ2	
	
K		system	→			on		s13	,	s23				and	δ2		-	δ1	

FCNC	involve		only	
lek-handed		quarks	

MZ’		fixed	to	3	TeV	

Specific	feature	of		
this	model	
Not	true	in	general!	
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331	Models:	Z’	couplings	to	quarks	
The	case	of	Bd,Bs,K	systems	

FCNC	involve		only	
lek-handed		quarks	
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Summary	of	the	variants	of	331	Models	

•  value	of	β:				β=±1/√3,	± 2/√3	
		
•  fermion	representaPon:	F1	or	F2	

•  Z-Z’	mixing	parameter:		tan	β=0.2,	tan	β	=1,	tan	β=5.0		

24	possibiliPes	to	be	explored!	
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Preliminary	selecPon	among	the	variants	of	331	Models:	
constraints	from	EWPO	

SelecPon	can	be	done	comparing	the	performance	of	331	models		
to	that	of	SM	through	the	pulls	for	a	generic	observable	Oi	:	

Models	with	smallest	Ω331	are	favoured	

21	



Preliminary	selecPon	among	the	variants	of	331	Models:	
constraints	from	EWPO	
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Preliminary	selecPon	among	the	variants	of	331	Models:	
constraints	from	EWPO	

only	7	survive!		
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ε’/ε	in	331	Models	

for	V=Z,	Z’	
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ε’/ε	in	331	Models	

for	V=Z,	Z’	

taken	from	exp	
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ε’/ε	in	331	Models	

for	V=Z,	Z’	
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ε’/ε	in	331	Models	

for	V=Z,	Z’	
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ε’/ε	in	331	Models	

for	V=Z,	Z’	

accounts	for	deviaPon	from	vacuum	inserPon	approximaPon	
28	



ε’/ε	in	331	Models	

depends	on	β,	on	Z-Z’	mixing,	
on	the	fermion	representaPon	

due	to	Z-Z’	mixing	
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ε’/ε	in	331	Models:	
constraining	the	parameter	space	

selected	ranges	depend	on	β	
but	invariant	under	F1	<->	F2	

example:	β=-1/√3	

play	a	role	only	for	large	Mz’	
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First study	of	ε’/ε	in	331	Models:	
results	 A.J.	Buras,	FDF	JHEP	1603	(2016)	010	
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First study	of	ε’/ε	in	331	Models:	
results	 A.J.	Buras,	FDF	JHEP	1603	(2016)	010	

only	3	survive!		
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First study	of	ε’/ε	in	331	Models:	
results	 A.J.	Buras,	FDF	JHEP	1608	(2016)	115	

Reference	set	of	parameters:	
MZ’=3	TeV	
Vcb=0.042	
Vub=0.036	

•  Similar	results	for	M8	&		M9,	differences	in	M16	
•  other	correlaPons	should	be	invesPgated	
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First study	of	ε’/ε	in	331	Models:	
results	 A.J.	Buras,	FDF	JHEP	1608	(2016)	115	

•  Similar	results	for	M8	&		M9,	differences	in	M16	
•  other	correlaPons	should	be	invesPgated	

Reference	set	of	parameters:	
MZ’=3	TeV	
Vcb=0.042	
Vub=0.0036	

the	shik	in	ε’/ε	is	larger	when	εK	is	enhanced	
in	all	the	3	cases	



correlaPons	with	B	physics	observables	

The	strongest	suppression	can	be	achieved	in	M8	&		M9	

ε’/ε	vs	B(Bs	->	µ+	µ-)	

ε’/ε	vs	Re(C9NP)	

M16	produces	the	largest	new	contribuPon	to	C9	->	can	help	sokening	the	angular	anomaly	
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correlaPons	with	B	physics	observables:	
in	a	few	words…	

•  	B	Physics	can	disPnguish	between	(M8,M9)	and	M16	
	
•  	(M8,M9)	perform	berer	with	suppression	of	B(Bs	->	µ+	µ-)	
	
•  	M16	could	help	with	the	angular	anomaly	in	B	->	K*	µ+	µ-	
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Dependence	on	Vcb		

Set	of	parameters:	
MZ’=3	TeV	
Vcb=0.040	
Vub=0.0036	

SPll	a	shik	of	ε’/ε of	(5-6)	x	10-4	is	possible	
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Dependence	on	Vcb		

Set	of	parameters:	
MZ’=3	TeV	
Vcb=0.040	
Vub=0.0036	

Larger	effects!	
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Varying	also	Mz’		

Set	of	parameters:	
MZ’=10	TeV	
Vcb=0.042		
Vub=0.0036	

Set	of	parameters:	
MZ’=10	TeV	
Vcb=0.040		
Vub=0.0036	

NP	effects	in	B(Bs	->	µ+	µ-)			and	in	Re(C9NP)	decrease				
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Varying	also	Vub		



Summary	
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New	SM	results	for	ε’/ε	are	significantly	below	data	
	
331	models:	
	
-  among	24	considered	variants	only	7	survive	EPWO	test	

-  only	3	can	provide	Δ(ε’/ε) > 4.0 10-4   (for	MZ’=3	TeV)	
	
-  M8	&	M9	can	also	suppress	B(Bs	->	µ+	µ-)	but	cannot	solve	angular	anomaly	in	B → K* µ+ µ –		
	
-  M16	performs	the	opposite		
	
-  For	larger	MZ’		(but	below	50	TeV)		ε’/ε	can	sPll	be	accomodated	but	effects	in	B	physics	are	negligible	

-  In	331	models	Vcb=0.040	favoured	over	Vcb=0.042	


