
DECONSTRUCTING FLAVOUR

REVIVAL OF OLD IDEAS   BUT NEW INCARNATIONS



FOR DECADES, TWO DRIVING FORCES IN SEARCH FOR BSM PHYSICS (  IN PARTICLE PHYSICS ITSELF)

1. STABILIZATION OF THE HIGGS MASS IN THE PRESENCE OF THE BSM PHYSICS

2. FLAVOUR HIERARCHIES (INCLUDING NEUTRINO MASSES AND MIXINGS)

IN A CERTAIN SENSE, FLAVOUR  ITSELF IS  A BEYOND THE SM CONCEPT- THE FIRST 
EVIDENCE   FOR BSM PHYSICS

A PROBLEM OF THE SM (SU(3)xSU(2)xU(1) RENORMALISABLE GAUGE THEORY )

VERY LIKELY, THE TWO PROBLEMS ARE INTERCONNECTED…



PHENOMENOLOGY OF FLAVOUR PHYSICS: pattern of quark masses and mixing,taken from experiment

IN THE LIMIT OF MASSLESS NEUTRINOS  AND  EXACT U(2) GLOBAL SYMMETRIES FOR THE FIRST TWO 
GENERATIONS
                                 NO FCNC PROCESSES 
                                 LEPTON NUMBER CONSERVATION
                                 LEPTON FLAVOUR CONSERVATION

BOTH ARE WEAKLY VIOLATED  BUT CONTROL  FCNC , LNV   AND LFV AND GIVE MANY MORE PREDICTIONS

FLAVOUR AND THE SM

APPROXIMATE SYMMETRIES
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PHENOMENOLOGY IN THE SM OF APPROXIMATE   U(2)  FLAVOUR SYMMETRIES 



SM  AS AN EFFECTIVE THEORY (SMEFT)
LSM + SU(2) x U(1) invariant higher dim operators

e.g. dim 6 four fermion operators contributing to            
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FLAVOUR PRECISION DATA -à

FLAVOUR BLIND SMEFT WOULD REQUIRE

⇤ / O(104)TeV
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TASKS FOR BSM:   EXPLAIN  THE PHENOMENOLOGICAL  APPROXIMATE  
                                SYMMETRIES OF FERMION MASSES AND MIXING,

                                CONTROL  BSM PHYSICS 
                                ( IN PARTICULAR, CONTROL SMEFT)



THEORY OF FLAVOUR AND BSM PHYSICS

SU(2)xU(1)x GF
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E.G. FROGGATT-NIELSEN U(1)F
<latexit sha1_base64="GGNx6egz1KgM54qmzrV7hHrs6Lw=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBahXkKS1rbeioJ4rGDaQhvKZrtp1242YXcjlND/4MWDIl79P978N27aCir6YODx3gwz8/yYUaks68PIrayurW/kNwtb2zu7e8X9g7aMEoGJiyMWia6PJGGUE1dRxUg3FgSFPiMdf3KZ+Z17IiSN+K2axsQL0YjTgGKktNR2y/bp4GpQLFnmeaPmnDnQMi2r7lRqGXHqVacCba1kKIElWoPie38Y4SQkXGGGpOzZVqy8FAlFMSOzQj+RJEZ4gkakpylHIZFeOr92Bk+0MoRBJHRxBefq94kUhVJOQ193hkiN5W8vE//yeokKGl5KeZwowvFiUZAwqCKYvQ6HVBCs2FQThAXVt0I8RgJhpQMq6BC+PoX/k7Zj2hXTuamWmhfLOPLgCByDMrBBHTTBNWgBF2BwBx7AE3g2IuPReDFeF605YzlzCH7AePsEkMKOeg==</latexit>

CONTINOUS INTEREST IN  EXPERIMENTAL SIGNATURES OF HORIZONTAL SYMMETRIES  CAPABLE 
TO ”EXPLAIN”  THE PATTERN OF FERMION MASSES AND MIXING, BY IMPOSING THEM ON SMEFT

FOR INSTANCE: 
SEARCHING FOR BSM PHYSICS IN YUKAWA COUPLINGS AND FLAVOUR SYMMETRIES,
J. ALONSO-GONZALEZ, A. de GIORGI, L. MERLO,  SP:  2109.07490

MAPPING AND PROBING FROGGATT-NIELSEN SOLUTIONS TO THE QUARK FLAVOR PUZZLE,
C. CORNELLA, D. CURTIN, E.T. NEIL, J.G. THOMPSON, 2306.08026

TESTING THE FROGGATT-NIELSEN MECHANISM WITH LEPTON VIOLATION,
C. CORNELLA, D. CURTIN, G. KRNJAIC, M. MELLORS



MULITI-SCALE APPROACH TO FERMION MASSES
(INVERSE HIERACHY)
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R. Barbieri, G. R. Dvali, and A. Strumia, Fermion
masses and mixings in a flavor symmetric GUT, Nucl.
Phys. B 435 (1995) 102–114, [hep-ph/9407239].

ANOTHER IDEA:

A  DYNAMICAL EXPLANATION OF FLAVOUR
HIERARCHIES  AS A CONSEQUENCE OF THE EXISTENCE OF 
SEVERAL NEW SCALES.

THE APPROXIMATE U(2) GLOBAL SYMMETRY WOULD EMERGE 
AT TeV SCALE AS AN ACCIDENTAL SYMMETRY
OF A BSM STRUCTURE, WITH  THE SM EMBEDDED IN IT. 

INVERSE HIERARCHY MODELS: HIGH NEW SCALES RESPONSIBLE 
FOR LIGHT FERMION MASSES,  LOW  SCALE
PHYSICS RESPONSIBLE FOR THE THIRD GENERATION MASSES.



MOST RECENT IMPLEMENTATION: A REVIVAL OF MODELS BASED 

ON THE (OLD) IDEA OF DECONSTRUCTION OF A GAUGE GROUP INTO

A PRODUCT ( MULTI-GAUGE) OF GAUGE GROUPS

COMMON FUTURE OF THOSE FLAVOUR MODELS:  NEW MASSIVE VECTOR BOSONS 
AND VERY RICH  INTERESTING PHENOMENOLOGY

U(2)N
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GLOBAL SYMMETRIES EMERGE AS ACCIDENTAL SYMMETRIES DUE TO NON-UNIVERSAL
FLAVOUR ASSIGNMENT TO THE GAUGE GROUPS IN THE PRODUCT 
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DECONSTRUCTION OF A 4-dim GAUGE THEORY  WITH SYMMMETRY G INTO  MULTI-GAUGE,
WITH BI-FUNDAMENTAL SCALARS             AS LINKS -à IN THE IR, AFTER SPONTANEOUS BREAKING
BY THE vevs OF                      ONE OBTAINS THE DYNAMICS OF G in 5 dim!  WITH ZERO MODES (G) AND
“KALUZA- KLEIN” MODES IN ADJONT REP

GN
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RENORMALISABLE!

EXTRA DIMENSION MAY INSPIRE 4-dim MODEL BUILDING

�i ! vie
(i�aTa/vi)
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C. T. Hill, S. P,  J. Wang, [hep-th/0104035].
N. Arkani-Hamed, A. G. Cohen, H. Georgi, [hep-th/0104005].



DECONSTRUCTING FLAVOUR (MORE PRECISELY: DECONSTRUCTING 
ELECTROWEAK SU(2)xU(1) )

H.-C. Cheng, C. T. Hill, S. P.,  J. Wang, The Standard Model in the Latticized Bulk,  [hep-th/0104179];  see 
also MOOSE STRUCTURES: H. Georgi, A Tool Kit for Builders of Composite Models, Nucl. Phys. B 266 
(1986) 274–284.

GENERAL FRAMEWORK, NOT JUST ONE CONCRETE MODEL; A STIMULATION FOR EXPERIMENTAL SEARCHES
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First generation Third generation
Second generation

Higgs with non-zero vev

EXTENDED  ELECTROWEAK GAUGE GROUPS 
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START WITH A 3-SITE MODEL SU(2)1 ⇥ SU(2)2 ⇥ SU(2)3
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ONE LEFT-HANDED SU(2), FOR EACH FAMILY SEPARATELY

SU(2)12 ⇥ SU(2)3
<latexit sha1_base64="bFMNpWKYshk+Erjn2IdD8YO0Ky4=">AAACAXicdZDLSgMxFIYz9VbrbdSN4CZYhLopM5na1l3RjcuKTltoS8mkaRuauZBkhDLUja/ixoUibn0Ld76NmbaCiv4Q+PnOOZyc34s4k8qyPozM0vLK6lp2PbexubW9Y+7uNWQYC0JdEvJQtDwsKWcBdRVTnLYiQbHvcdr0xhdpvXlLhWRhcKMmEe36eBiwASNYadQzD67dAjrpJTaadhTzqYRz4PTMvFU8q5bRKYJW0bIqyCmnBlVKyIG2JqnyYKF6z3zv9EMS+zRQhGMp27YVqW6ChWKE02muE0saYTLGQ9rWNsB6WTeZXTCFx5r04SAU+gUKzuj3iQT7Uk58T3f6WI3k71oK/6q1YzWodhMWRLGiAZkvGsQcqhCmccA+E5QoPtEGE8H0XyEZYYGJ0qHldAhfl8L/TQMVbaeIrkr52vkijiw4BEegAGxQATVwCerABQTcgQfwBJ6Ne+PReDFe560ZYzGzD37IePsEssaVIw==</latexit>

BY THE VEV OF 

BY THE VEV OF 

�1
<latexit sha1_base64="QumTTmMwtU0YEwMwjouvHManh5Q=">AAAB7XicdVBNS8NAEJ34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu2nXbrJhdyOU0v/gxYMiXv0/3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pZXVvf2Mxt5bd3dvf2CweHLSVSSWiTCC5kJ8CKchbTpmaa004iKY4CTtvB+Crz2/dUKibiWz1JqB/hYcxCRrA2UqvXGLG+2y8UHfuiVvHOPeTYjlP1SpWMeNWyV0KuUTIUYYlGv/DeGwiSRjTWhGOluq6TaH+KpWaE01m+lyqaYDLGQ9o1NMYRVf50fu0MnRplgEIhTcUazdXvE1McKTWJAtMZYT1Sv71M/Mvrpjqs+VMWJ6mmMVksClOOtEDZ62jAJCWaTwzBRDJzKyIjLDHRJqC8CeHrU/Q/aXm2W7K9m3KxfrmMIwfHcAJn4EIV6nANDWgCgTt4gCd4toT1aL1Yr4vWFWs5cwQ/YL19Am59jws=</latexit>

�2
<latexit sha1_base64="tlIl+wjkI0ROUwDKGfCFwzYnD9c=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXw0xa27orunFZwT6gHUomzbSxmWRIMkIp/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNp734aysrq1vbOa28ts7u3v7hYPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vsr89j1VmklxayYJDWI8FCxiBBsrtXqNEeujfqHouRe1CjpH0HM9r4pKlYygahmVoG+VDEWwRKNfeO8NJEljKgzhWOuu7yUmmGJlGOF0lu+lmiaYjPGQdi0VOKY6mM6vncFTqwxgJJUtYeBc/T4xxbHWkzi0nTE2I/3by8S/vG5qolowZSJJDRVksShKOTQSZq/DAVOUGD6xBBPF7K2QjLDCxNiA8jaEr0/h/6SFXL/koptysX65jCMHjsEJOAM+qII6uAYN0AQE3IEH8ASeHek8Oi/O66J1xVnOHIEfcN4+AXABjww=</latexit>

SU(2)SM
<latexit sha1_base64="GQr4c+Oqeu4gU7zsArai2HDHnWA=">AAAB8XicdVBNT8JAEN3iF+IX6tHLRmKCl6YtCHgjevFigsECERqyXRbYsN02u1sT0vAvvHjQGK/+G2/+G7eAiRp9ySQv781kZp4fMSqVZX0YmZXVtfWN7GZua3tndy+/f9CSYSwwcXHIQtHxkSSMcuIqqhjpRIKgwGek7U8uU799T4SkIb9V04h4ARpxOqQYKS3dNd2ic9pPmtezfr5gmee1inPmQMu0rKpTqqTEqZadErS1kqIAlmj08++9QYjjgHCFGZKya1uR8hIkFMWMzHK9WJII4Qkaka6mHAVEesn84hk80coADkOhiys4V79PJCiQchr4ujNAaix/e6n4l9eN1bDmJZRHsSIcLxYNYwZVCNP34YAKghWbaoKwoPpWiMdIIKx0SDkdwten8H/Scky7ZDo35UL9YhlHFhyBY1AENqiCOrgCDeACDDh4AE/g2ZDGo/FivC5aM8Zy5hD8gPH2Ca1CkEg=</latexit>

⇤2 / O(10)TeV
<latexit sha1_base64="NOP8kK1gLtJS3Da0CUuLbLORPQk="></latexit>

⇤1 / 103�4TeV
<latexit sha1_base64="Vk110FQGLp0jW5yEg1begSOlf0E="></latexit>

ONE GETS APPROXIMATE U(2) GLOBAL  
SYMMETRY FOR THE FIRST TWO FAMILIES
(APPROXIMATELY UNIVERSAL SU(2) GAUGE
INTERACTIONS) IF, IN ADDITION THE HIGGS
CARRIES ONLY                    CHARGESSU(2)3

<latexit sha1_base64="rYkfciid9mJOf+XfRkIy6TVSUhE=">AAAB73icdVDLTgIxFO3gC/GFunTTSExwM5kHAu6IblxidIAEJqRTOtDQ6Yxtx4QQfsKNC41x6++482/sACZq9CQ3OTnn3tx7T5AwKpVlfRi5ldW19Y38ZmFre2d3r7h/0JJxKjDxcMxi0QmQJIxy4imqGOkkgqAoYKQdjC8zv31PhKQxv1WThPgRGnIaUoyUljo3Xtk57buwXyxZ5nm96pw50DItq+a41Yw4tYrjQlsrGUpgiWa/+N4bxDiNCFeYISm7tpUof4qEopiRWaGXSpIgPEZD0tWUo4hIfzq/dwZPtDKAYSx0cQXn6veJKYqknESB7oyQGsnfXib+5XVTFdb9KeVJqgjHi0VhyqCKYfY8HFBBsGITTRAWVN8K8QgJhJWOqKBD+PoU/k9ajmm7pnNdKTUulnHkwRE4BmVggxpogCvQBB7AgIEH8ASejTvj0XgxXhetOWM5cwh+wHj7BHFlju8=</latexit>

HEAVY VECTOR BOSONS FROM THE FIRST

AND SECOND BREAKING

MW 00 = O(⇤1)
<latexit sha1_base64="7BP6WLRqwM3JCrOcupsvCpfs87I="></latexit>

MW 0 = O(⇤2)
<latexit sha1_base64="nIV5srfTwtmWslnoMmYM08kF+Rc="></latexit>



INTERESTING QUESTIONS:

WHAT TO DECONSTRUCT?  WHICH PART OF THE SM?

UV COMPLETIONS (MULTI-HIGGS,  VECTOR LIKE FERMIONS) FOR
BREAKING (SLIGHTLY) U(2)’s

LOCALISATION OF LEPTONS,  CHIRAL ANOMALY CANCELATION (NEW FERMIONS –CHIRAL WITH
RESPECT TO THE ORIGINAL GAUGE GROUPS BUT VECTOR LIKE IN THE SM
(PMNS PATTERN)

UV COMPLETIONS FOR GETTING THE VEV’s OF BI-DOUBLET SCALARS
FROM RENORMALISABLE THEORIES (ELEMENTARY OR COMPOSITE (JAVIER LIZANA))

LINK TO THE HIERARCHY PROBLEM (THE HIGGS AS A PSEUDO-GOLDSTONE)-LITTLE
HIGGS MODELS OR TECHNICOLOUR LIKE MODELS.



A VARIETY OF PHENOMENOLOGICAL PREDICTIONS FOLLOWING FROM

a) POSSIBLE DIRECT PRODUCTION OF VECTOR TRIPLETS IN pp COLLISIONS

b) TREE-LEVEL EXCHANGE OF THE VECTOR TRIPLET IN FOUR-FERMION PROCESSES

c)    MODIFICATION OF THE W,Z COUPLINGS TO FERMIONS DUE TO THEIR MIXING WITH THE TRIPLET AFTER
       ELECTROWEAK SYMMETRY BREAKING

MANY CORRECTIONS TO THE EWPO OF ORDER                                , DEPENDING ON THE LOCALISATION OF LEPTONS O(
M2

W

M2
W 0

)
<latexit sha1_base64="u/s3FNW5Sf2Itjjhjd+iGE6hKM8="></latexit>







SUMMARY

“NEARBY” NEW SCALES STILL POSSIBLE IN THE CONTEXT OF FLAVOUR 
(BTW,  FROGGATT-NIELSEN MODELS MUCH MORE CONSTRAINING FOR A NEW SCALE)

GOOD NEWS FOR NEW ACCELERATORS; RICH PHENO CALLS FOR MORE DATA 

A FRAMEWORK to LINK FLAVOUR HIERARCHIES  TO THE HIGGS NATURALNESS
(see e.g. Javier Lizana)



BACK UP











YUKAWA COUPLINGS
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