New Physics for the Flavour Puzzle

Joe Davighi, CERN
MITP, June 18t 2025
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Our Guide to New Physics
(Ideology)

Flavour puzzle: y;; Ky ~ 1
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Hierarchy problem: m# « Mfp
Radiative corrections to mZ are quadratic in Myp
= Cut-off UV loops by new physics < 4nmm,, = TeV

E.g. SUSY, compositeness
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Our Guide to New Physics
(Ideology)

Flavour puzzle: y;; Ky ~ 1
Radiative corrections to yi];. are logarithmic in Myp

— New physics somewhere

[ Generic Flavor Structure [ NMFV
107 Re(Cx)  mmm Re(Co) Cs, N
Im(Cx)  mmm Im(Cp) Ca, . . 2 2
- Hierarchy problem: m; < Myp
a Radiative corrections to m7 are quadratic in Myp
> .
S = Cut-off UV loops by new physics < 4nmm,, = TeV
< Precision flavour tests = NP flavour structure =~ SM
10!
etc Hypothesis: SM flavour structure
\ TG 6 o G / also generated at a low scale?
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2. Non-Universal New Physics



Flavour Universal New Physics

Minimal Flavour Violation:

D’Ambrosio, Giudice, Isidori,

» Yukawa interactions yijzﬁiHl,bj are the only couplings that distinguish flavour Strumia, heo-ph/0207036 ..

qi

1
NN

) + hij (yu,d,e)

1

qj
» Designed pre-LHC to protect flavour observables from SUSY / Composite Higgs near 1 TeV
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Flavour Universal New Physics

Minimal Flavour Violation:
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» Yukawa interactions y;jy;Hy; are the only couplings that distinguish flavour Strumia, hep-ph/0207036 ..
qi
MFV 1
X Cij " ~ 1 + hij(yu,d,e)
1
qj
» Designed pre-LHC to protect flavour observables from SUSY / Composite Higgs near 1 TeV
i : i NMFV
Example: Kaon mixing with MEV: [ Generic Flavor Structure [ NMEV:
e\ 2 107 Re(Cx) Re(Co) Ca, UTfit]l c(A) = o x [Ful/A?
1 y4(V Vs )2 1 (10 Im(Ci) Im(Cp) Ce, F~|F<yl. arbitrary
A?d t 31V 32 AZN p ANp phase
strongly
% coupled NP
Z 403
< 10 | A>108Tev |
o ~ o in case of
1 loop coupling M. B
10 through weak @IICEE 24
interactions -
A>3.2TeV
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Flavour Universal New Physics

Minimal Flavour Violation:

D’Ambrosio, Giudice, Isidori,

» Yukawa interactions y;jy;Hy; are the only couplings that distinguish flavour Strumia, heo-ph/0207036 ...

qi

) + hij (yu,d,e)

» Designed pre-LHC to protect flavour observables from SUSY / Composite Higgs near 1 TeV

» LHC constraints circa 2025: Aypy = 5 + 10 TeV oy st M

MFV .
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Flavour Non-Universal New Physics

Davighi, MITP, 18/06/25
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Flavour Non-Universal New Physics

qi

1
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X

:

Just as good flavour protection as MFV

Example: Kaon mixing with MEV U2
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Flavour Non-Universal New Physics

I ¥ T ¥ T T T T
33 * [-0.35.0.22]

1
b anwem-(o ) - oee(Ce )
” | 1 b 13 MM (—0.048,0.057|

1 292 i [~0.058.0.10]

12 . [~0.037,0.0067|

Two reasons to prefer U2 over MFV:

[~0.0058,0.030]

1. LoweringA 04 0z 0 02 0.4
Allwicher et al, 2207.10714; 2207.10756

 Limita << b canreduce little hierarchy by a factor a few — Ay =1+ 2TeV

For composite Higgs

MP® ~ 1+ 2Tev

. . . Glioti, Rattazzi, Ricci, Vecchi,
* The same U(2)-like non-universal BSM could explain SM and BSM flavour puzzles  2402.09503
Stefanek, 2407.09593

" U2 decouples strong bounds:
Yij ¥ 0.04 -pp > J,
YVt

1 - Modified W-couplings

2. Solving the SM flavour puzzle!

Davighi, MITP, 18/06/25 14


https://arxiv.org/pdf/2402.09503
https://arxiv.org/abs/2407.09593
https://arxiv.org/abs/2207.10714
https://arxiv.org/abs/2207.10756

Dynamical origin of U(2)™?

A general hypothesis:
» Accidental symmetries emerging from a non-universal [3 vs 1+2] gauge symmetry

Froggatt, Nielsen, Nucl Phys B (1979)

+ ...

A more specific hypothesis:

> Flavour Deconstruction

Davighi, MITP, 18/06/25
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3. Flavour Deconstruction



Non-Universality from Flavour Deconstruction

———————————————————————————————————————

- [ ' Li,Ma, 1981, ..
G G G <¢12> ~ 10 TeY : G G <¢23> ~1TeV . Arkani-Hamed, Cohen, Georgi hep-
1 X Gz X G34H > b 3+Higgs > U123 | th/0104005 .
| . Craig, Green, Katz 1103.3708 ...
I | Bordone, Cornella, Fuentes-Martin,
. . ! . | . .
U(2) violation | Delivers U(2) flavour symmetry + Isidori, 1712.01368 ..
L I Davighi, Isidori, 2303.01520...

_______________________________________

E.g.G =SU(2),orU(1)yor..

Davighi, MITP, 18/06/25 17


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.47.1788
https://arxiv.org/abs/hep-th/0104005
https://arxiv.org/abs/1103.3708
https://arxiv.org/abs/1712.01368
https://arxiv.org/abs/2303.01520

Non-Universality from Flavour Deconstruction

e

93 Li, Ma, 1981, ...
<¢12> ~ 10 TeY (¢23> ~1TeV Arkani-Hamed, Cohen, Georgi hep-
G1 X Gy X G344 > 1 G1a X G34higgs > G123 | th/0104005 ..

Craig, Green, Katz 1103.3708 ...
Bordone, Cornella, Fuentes-Martin,
Isidori, 1712.01368 ...

Davighi, Isidori, 2303.01520...

U(2) violation

~ e -

o o - - - - - - - - - - - - - ——

E.g.G =SU(2),orU(1)yor..

Some top-down motivations

1. Breaking pattern G4 X Gg — G445, given scalar condensate ¢, is generic for simple G

* ...because there is no other non-trivial subgroup embedding Goursat, 1889

Craig, Garcia-Garcia, Sutherland,
1704.07831

2. Easyto find semi-simple UV completions with deconstruction approach

* In contrast most Gsy X U(1)porizontal, €V€N anomaly-free, have no semi-simple completion

Davighi, Tooby-Smith,
2206.11271

Davighi, MITP, 18/06/25 18
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Non-Universality from Flavour Deconstruction

———————————————————————————————————————

. l/
(Pp12) ~ 10273 TeV (po3) ~1TeV
G1 X Gy X G34y > Gy X G3ypiggs > Gy3

U(2) violation i Delivers U(2) flavour symmetry

_______________________________________

¢23¢12 ¢23
Y1 HY3 A = Vup K Vep K1 ¢2H¢3A_ = Veop K1 SM Flavour Puzzle

etc etc

Davighi, MITP, 18/06/25 19



Non-Universality from Flavour Deconstruction

———————————————————————————————————————

(P12) ~ 10273 TeV

G1 X Gy X G34y G1z X G34Higes > G123

U(2) violation

~ s
~ e ————

_______________________________________

h23P12 P23
W, Hs = Vy KV <1 wzHlngA— - Vop K1 SM Flavour Puzzle
230\12 23
etc etc
My
Example UV: {(a3) Hjy
Vector-lik ’ | |
ector-like fermions : : (23)
S R
Ayz ~ My /g

Davighi, MITP, 18/06/25 20



Non-Universality from Flavour Deconstruction

———————————————————————————————————————

(P12) ~ 10273 TeV

G1 X Gy X G34y G1z X G34Higes > G123

U(2) violation

~ s
~ e ————

_______________________________________

Vector bosons in adj G, w flavour diagonal BUT non-universal couplings

Cij ~ gsm ) 912,93 = gsm. Define tanf = g3/g;,
93/ 912
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Non-Universality from Flavour Deconstruction
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~ s
~ e ————

_______________________________________

Vector bosons in adj G, w flavour diagonal BUT non-universal couplings

Cij ~ gsm ) 912,93 = gsm- Define tanf = g3/g;,
93/ 912

G12 X G34y = Ggy can occur near TeV because no flavour violation + g5 >> g4, U2 limit possible
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Non-Universality from Flavour Deconstruction

———————————————————————————————————————

($p12) ~ 10273 TeV

Gl X GZ X GS+H

~ e -

U(2) violation

_______________________________________

Vector bosons in adj G, w flavour diagonal BUT non-universal couplings

Cij ~ gsm ) 912,93 = gsm. Definetanf = g3/g;,
93/912

G12 X G34y = Ggy can occur near TeV because no flavour violation + g5 >> g4, U2 limit possible
Davighi, Isidori 2303.01520 G119 X G344y — Ggm should occur near TeV to not worsen the little hierarchy problem

Was 7T 2 2 2
m W23D P23 f\ ! 5 2 Ism tan“6 M
B B et HooHewe OM o~ T

Davighi, MITP, 18/06/25 23



https://arxiv.org/abs/2303.01520

Flavour Deconstruction = a finite class of models

Which SM gauge interaction should we deconstruct?
* What can we explain?

* What is the phenomenology, and at what scale?



What to Deconstruct?

Davighi, Isidori 2303.01520

Deconstructed force SU3) | SU2); | SU2)g (y | U(l)p_;
Flavour V| < 1 v v X v v
Yi <3 X v v v X

Davighi, MITP, 18/06/25
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What to Deconstruct?

Davighi, Isidori 2303.01520

Deconstructed force SUBB) | SUQR2), | SUR2)g | U(l)y | U(1)p_L
Flavour V| < 1 v v X v v
Vi < y3 X ve v v X
> EW | Natural upper limit of [tan@|M | 90 TeV | 20 TeV | 40 TeV | 40 TeV | 500 TeV
EWPOs order 1-loop Tree Tree Tree 1-loop

General Lesson

“Finite naturalness” limits on My from requiring the finite part of 5m,21 < 1 TeV?

. Need to deconstruct part of the EW symmetry to explain the flavour puzzle
. Unavoidable tree-level § EWPOs

«  Unavoidable 1-loop 6m?

Davighi, MITP, 18/06/25
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https://arxiv.org/abs/2303.01520

A UV scenario: from Deconstruction to Unification
Davighi, Tooby-Smith, 2201.07245, Davighi, 2206.04482
Whence G; X G, X G3,.y? One path is to reunify in the UV! Using e.g. SU(2)"" = Sp(2)"f & Sp(an)

Electroweak flavour unification: Gyy = SU(4) X Sp(6); X Sp(6)r
* All SM matter unified* intoW;~(4,6,1) + ¥y,~(4,1,6)

High scale

Reminder: breaking

I
Sp(6) = {U € SU(6)|UTQU = O} where Q) = ( 0 3) —————————————————————

Deconstruction

*Very few anomaly-free options that do this!

Davighi, MITP, 18/06/25 27
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4. Phenomenology of Flavour Deconstruction



Phenomenology of Electroweak Deconstruction

DU(1)y: Davighi, Stefanek 2305.16280; Fernandez Navarro, King 2305.07690
DSU(2),: Davighi, Gosnay, Miller, Renner 2312.13346; Capdevila, Crivellin, Lizana, Pokorski 2401.00848

EWPOs: tree-level shifts in Z /W -pole means EW constraints often strongest!

* Akey observable is my,: DSU(2); = dmy, < 0; DU(1)y = dmy, >0

e o

Flavour: key observable is BR(B;, —» u*u~), measured precisely at LHC

* B, mixing strictly subleading in these models ’ 8
X
* Power-suppressed by y, = 1/6 for DU(1)y
S H
q e, [, T
LHC high p: driven by valence-quark couplings 5 <
* Favours gz > g4, regioni.e. 8 - /2 , o

Davighi, MITP, 18/06/25

Entries / 0.05 GeV

CMS Preliminary
: T ‘ ——
myy in MeV I
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L 80375 + 23 i__._< _
L 80433.5 £ 9.4 : —
L 80354 + 32 ._L_|I _
|- 80366.5 £ 15.9 p%—o—| -
L 80360.2+9.9 p{-.—< —— EW it 1
‘ | ‘ Ii | ‘ \
80300 80350 80400 80450
CMS, 2024 my (MeV)
cMS 140 fo! (13 TeV)
R L AN RN LA LARRS AN RRRRS RARRE AR
140 4+ pawa —— Full PDF
I S BL - e B' -
[ oo Combinatorial bkg ~ «----- Semileptonic bkg
120__ N~ Peaking bkg
100}
80
60[-,
40F
20:-‘.

Lol T N
2.9 5 515253 54555657 58 59

m,.,- [GeV]

CMS, 2212.10311
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Phenomenology of Electroweak Deconstruction

DU(1)y: Davighi, Stefanek 2305.16280; Fernandez Navarro, King 2305.07690
DSU(2): Davighi, Gosnay, Miller, Renner 2312.13346; Capdevila, Crivellin, Lizana, Pokorski 2401.00848

Updated plots courtesy of Sophie Renner 44

- U(1)y model - SU(2); model
2 2
3 3n L
~% ~% - omj;
&9 82 > TeV?
~ ~
o o
Q 00
- T 7\‘:\, - Tl
e 4 8,/ - 4
N,
8 S 8
U 3 U
S ,' T Tl
8 po!@ : 8
|
Pofe N
0z koL - oL A w -
2 5 10 20 50 100 5 10 20 50 100

Currently, M = 3 TeV M [TeV] Davighi, MITP, 18/06/25 M Z 6 TeV M [TeV] 30
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https://arxiv.org/abs/2401.00848

There is much more to learn...

FCC-ee will test these models not only through EWPOs and a(e*e™ — ff), but also low-energy flavour probes

 FCC-ee flavour studies well-developed for processes with 7, v

Kamenik, Monteil, Semkiv, Vale Silva
1705.11106

Miralles, Thesis 2024

Ambhis, Hartmann, Helsens, Hill, Sumensari,

... Butthese deconstruction models give cancellations in most tau observables . 7533,

* Prospectsine.g. bsuu and bsee are very little explored so far

BR(B — K*uu) + BR(Bs — up)

Bordone, Cornella, Davighi, 2503.22635

To make the most of FCC-ee statistics
requires significant improvement in
theory uncertainties

“p2”: Off ™ O'FF/S,' O-Vcb - 0.5%

= bspup (FCC, Py)
| M bspp (FCC, P,)

A=2TeV

pp — pp (HL)
EWPOs (FCO)

Davighi, MITP, 18/06/

-06 —-04 —-0.2 0.

02 04 06

25

Zuo, Fedele, Helsens, Hill, Iguro, Klute,
2305.02998

Ambhis, Kenzie, Reboud, Wiederhold,
2309.11353

* For NP coupled vectorially to 3™
generation quarks and muons

31


https://arxiv.org/pdf/2503.22635
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https://arxiv.org/abs/2105.13330
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5. Higgs and Flavour — Together



EW + Flavour + Collider tests

Flavour
Deconstruction
(one hypothesis) 57?1}21 ~ TeVZ
\
Vij KYe~1 —— U(2)" «— NPnearTeV mj; << Mgp

Davighi, MITP, 18/06/25

33



EW + Flavour + Collider tests

Flavour
Deconstruction
(one hypothesis) 5m}21 ~ TeVz
\
Vij L Yr ~ 1 — U@2)™ «—— NPnearTeV m,zl K Mﬁp

... Motivates trying to solve
the hierarchy problem at the
same time

Davighi, MITP, 18/06/25 34



Flavour Deconstructing the Composite Higgs

Covone, Davighi, Isidori, Pesut, 2407.10950

Flavour deconstruction can (should?) be combined with Composite Higgs at ~ 2 TeV:

— Solves flavour puzzle — Cures large hierarchy problem
— Gauge protected M:J(Z) ~1=+2TeV

Davighi, MITP, 18/06/25

35


https://arxiv.org/abs/2407.10950

Flavour Deconstructing the Composite Higgs

Covone, Davighi, Isidori, Pesut, 2407.10950

Flavour deconstruction can (should?) be combined with Composite Higgs at ~ 2 TeV:

— Solves flavour puzzle
— Gauge protected ME(Z) ~1=+2TeV

x (1))
I

(X) # 0*

*Y is for now

SM
U(l)Y elementary...

— Cures large hierarchy problem

& &
1 9 Zl
a; u

34 gen ~
& 1t /2nd gens ~
partial
. elementary
composite

Davighi, MITP, 18/06/25

Minimal Composite Higgs
Global symmetry breaking
delivers pNGBs ~ (2,2)

Partial Compositeness

36
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Flavour Deconstructing the Composite Higgs

Covone, Davighi, Isidori, Pesut, 2407.10950

Flavour deconstruction can (should?) be combined with Composite Higgs at ~ 2 TeV:

— Solves flavour puzzle — Cures large hierarchy problem
— Gauge protected ME(Z) ~1=+2TeV

Higgs potential generated by explicit Sp(4) breaking: y, and g r

\\\ tL(R) \\\ tL ///
- i /\O + M, ,\Q/\ My + ..
X U(1)y
// // t \\
| . , R :
.i.
) # 0* >
= N e Ap AR
E . \\ \\ /,/ \\\ ///
U(l)SM Z IS for nOW Hl /\ + Hl /\ /\ Hl + Hl /\ N HZ‘, + e
Y elementary... .7 L AN L AN
‘// ‘// AR \\. '// AR \\

Davighi, MITP, 18/06/25 37
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Flavour Deconstructing the Composite Higgs

Covone, Davighi, Isidori, Pesut, 2407.10950

Flavour deconstruction can (should?) be combined with Composite Higgs at ~ 2 TeV:

— Solves flavour puzzle — Cures large hierarchy problem
— Gauge protected ME(Z) ~1+2TeV

1 9 2MZ,
= mi= Ten? 4n.yf M7 — 59123,31"13 <1 - R)]

2
T t
x [/(1)1%
Y Realising the Higgs mass Enhanced predictivity
' . g,zm can be pumped up to better * Require ZM%VR < Mf, to avoid
(5) # 0* cancel top contribution sign flip in m
* Allows top partner to be heavier
*X is for now (M > 1.5 TeV), better compatibility

SM
U(Dy elementary... with direct searches

Davighi, MITP, 18/06/25 38


https://arxiv.org/abs/2407.10950

Flavour Deconstructing the Composite Higgs

Flavour deconstruction can (should?) be combined with Composite Higgs at ~ 2 TeV:

— Solves flavour puzzle
— Gauge protected ME(Z) ~1=+2TeV

=

x (1),
|

(X) # 0*
*Y is for now
S
U(l)YM elementary...

Covone, Davighi, Isidori, Pesut, 2407.10950

— Cures large hierarchy problem

1 9
m} = gz MR 507 M3 (1

1672 T
Realising the Higgs mass
. g,zglg can be pumped up to better
cancel top contribution
* Allows top partner to be heavier
(M > 1.5 TeV), better compatibility
with direct searches

Davighi, MITP, 18/06/25

a

My ~ 100 TeV ——
ANANAAINN\ANA
(ha3) ~1TeV ——

2MV2VR>
Mp2 EW ——

T

Enhanced predictivity
* Require 2M[24,R < Mf, to avoid
sign flip in m

* VY, Ky3=> My > few 100 TeV

Now this gives no radiative mj
contribution thanks to
compositeness at lower scale ©

39
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Flavour Deconstructing the Composite Higgs

Covone, Davighi, Isidori, Pesut, 2407.10950

Flavour deconstruction can (should?) be combined with Composite Higgs at ~ 2 TeV:

— Solves flavour puzzle
— Gauge protected ME(Z) ~1=+2TeV

x (1))
I

(X) # 0*

*Y is for now

SM
U(l)Y elementary...

— Cures large hierarchy problem

Phenomenologically viable benchmark:
* largegrs ~1

* Light top partner M = 2 TeV; spin-1 resonance M, = 10 TeV

e Deconstruction scale vy = 3 TeV
e Order 5% tuning in Higgs mass

Needs to be explored in more detail...

Davighi, MITP, 18/06/25
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Deconstruction without fundamental scalars

Work in progress...

An elementary scalar X introduces a second hierarchy problem

A more complete proposal:
Global breaking Sp(6)giopa1 = SU(2),, X SU(2)% X SU(2)%*

Delivers x12 pNGBs: ( 2 , 2 ) SM Higgs (tuned mass)
D 2 ) 2 ) H;, - light Yukawas
@D ( 2 , 2 ) Link field £ (natural mass)

Davighi, MITP, 18/06/25 41



Deconstruction without fundamental scalars

Work in progress...

An elementary scalar X introduces a second hierarchy problem

A more complete proposal:

Global breaking Sp(6)gjobal = SU(2),, X SU(2)3 x SU(2)%?

Delivers x12 pNGBs: ( 2 , 2 ) SM Higgs (tuned mass)
D 2 ) 2 ) H;, - light Yukawas
@D ( 2 , 2 ) Link field ¥ (natural mass)

UV model? Here’s a sketch:

Start from Sp(n,) gauge theory with 6 iR Ws. Chiral symmetry breaking SU(6) — Sp(6)
Include large explicit breaking SU(6) — Sp(6)’

sp(6)’ _ sp(6)’
sp(6)nsp(6)’ ~ SU(2)3

Q: origin of top partners? No QCD analogue...

Lifts x2 pNGBs to give effective coset
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Deconstruction without fundamental scalars |l

An elementary scalar X introduces a second hierarchy problem

Alternative approach: Lizana, 2412.14243; Fuentes-Martin, Lizana 2402.09507

Realise deconstruction breaking pattern via strong condensate itself: CL%R) ~oofSUu(n,)

Site 1 Site 2
SU(2), (L)»CIL ,l123 C;(QL);QE
SU(2)g (R)’qézs 1,2 (R) lR

Approximate global breaking SU(4); X SU(4), —» SU(4)14, 2 SU(2);, X SU(2)g
15 pNGBs of which 6 are eaten — (2,2) @ (2,2) & (1,1)

Similar scalar spectrum, but different phenomenology (e.g. this singlet — yy via WZW)

Davighi, MITP, 18/06/25
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Conclusions

The Higgs remains a central motivation for high-energy BSM. Flavour cannot be overlooked.

Pre-LHC: postpone flavour and solve the hierarchy problem with MFV

Alternatively, an intrinsically flavour non-universal approach can

1.
2.

Emerge from interesting new gauge-flavour unified theories

Render m; more natural e.g. in composite Higgs framework

3. Simultaneously unlock the flavour puzzle e.g. by flavour deconstruction

4.

... and has rich phenomenology: great potential at HL-LHC and FCC-ee is just beginning to be explored

Thank you!
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Backup

Davighi, MITP, 18/06/25
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How to generate flavour in Composite Higgs Models?

The problem with elementary fermions: Lstrong 2 55— 0nt + A 0,08 += (qq)2 Cannot have A low due to
flavour bounds

Oy is a composite scalar operator with Want ()H()IT; to be irrelevant!

quantum numbers of Higgs. But d ~ 1 (quasi-free) impliesd’ ~ 2d ~ 2
Want d = 1 to get large top Yukawa

Kaplan, 1991

q la>;.NuU N4 u
Partial Compositeness is a solution: L D Aq 70, + A, u;05 + 0,050y ¢oiow: Panico, Wulzer, 1506.01961

7 ia «1jb Wi
£ J
q [ETJ QJ
e~AJg !
H

qi

Yukawa couplings now generated by relevant operators
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https://doi.org/10.1016/S0550-3213(05)80021-5
https://arxiv.org/abs/1506.01961

Flavour from Anarchy?

2. X
P -
Partial compositeness even promised a dynamical solution to flavour puzzle: A
* The Againg mixing operators run with scale '

| Aff‘ anarchic at high scale Ap;gp, slight differences in anomalous dimensions of 03 transmute to
exponential hierarchies in the resulting “proto-Yukawas” at scale m,

No(ma) = ) () ¥ = Ne)e L= ma/m.

BUT this entails large flavour violation also at m,
Strongest bound from neutron EDM = M, = 20 = 25 TeV

[ Even assuming 1-loop suppressed quark dipole operators ]
Such a high scale degrades this as a solution to the hierarchy problem AND is untestable in colliders

We need a flavour symmetry to bring down m,
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Non-Universality from Flavour Deconstruction

Davighi, Isidori 2303.01520

Deconstructed force SU3B) | SUR2), | SUR)g | U(l)y | U(1)p_
Flavour V| < 1 v v X v v
Vi €< y3 X v v v X
EW | Natural upper limit of [tan@|M | 90 TeV | 20 TeV | 40 TeV | 40 TeV | 500 TeV
EWPOs order 1-loop Tree Tree Tree 1-loop

Aside: If enlarge SU(3)13] - SU(4)B! can also explain b — ctv anomalies in R, & bsup via ‘4-3-2-1" models

b %108
Lg‘ e U DL DL L . L LN LA LA
o I 0 4 -
1P| LHCh L =9 + B, = ou'w
= 15 -+ B) = gete
MU/gU U1[3] [CRE arkiv 2410.13748 SM (LCSR-+ Lattice) |]
€ [1,2] TeV | SM (LCSR)
=t SM (Lattice)
/I'“‘lU -
C Lof
- ) L 3.9 I/ (28
¢ 2 5 [t |
L 1 T sk @Z@ —— ]
C S | —— |
Buttazzo, Greljo, Isidori, Marzocca, TN sy gy B R N e ]
1706.07808; Di Luzio, Greljo, Nardecchia, [ RD)=02 20004 Nty 1 |
L (o) = 35% 4
1708.08450; Bordone, Cornella, Fuentes- i 0w vy wil ¢oqom ol o TOPNEE gy oy 00'0' . '2'5' — '5'0' — '7'5' . 1(; . 12'5 ‘i‘sl(lll : 17'5 -
— , 02 03 0.4 05 . : £ . 5 15 i
Martin, Isidori, 1712.01368; R(D) @ [GeV2/c]

Greljo, Stefanek, 1802.04274; Di Luzio,
Fuentes-Martin, Greljo, Nardecchia,
Renner, 1808.00942; Fuentes-Martin,

Stangl, 2004.11376 ...

Experimental hints for deconstruction near TeV?
Davighi, MITP, 18/06/25
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https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/1808.00942
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https://indico.cern.ch/event/1423686/contributions/6139362/attachments/2954156/5193830/Implications_2024.pdf
https://arxiv.org/abs/2303.01520

From Deconstruction to Unification

Davighi, Tooby-Smith, 2201.07245, Davighi, 2206.04482

Whence G; X G, X G3,15? One path is to reunify in the UV! Using e.g. SU(2)™f = Sp(2)™f & Sp(2ny)

Electroweak flavour unification: Gyy = SU(4) X Sp(6); X Sp(6)r
All SM matter unified* into ¥;~(4,6,1) + ¥,~(4,1, 6)

Offers a “gauge answer” to “why 3 generations?”

Solves flavour puzzle with the minimalingredients

(Ha) /
. I
1

Low-energy pheno matches that of deconstructed SU(2);, x U(1)y

*Very few anomaly-free options that do this!
See the classification of all embeddings of 3-flavour SM gauge algebra: Allanach, Gripaios, Tooby-Smith, 2104.14555
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What about neutrinos? Can we explain anarchic mixing angles?  Greljo, Isidori 2406.01696

Spin(10)
/ W
SU(2)r D[SU(4)] + Ry, bsuu (“4-3-2-1")
[
U(Dg U(Dp-y
\ | J
D[SU(2),] D[U(1)y] D[SU(3)]
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What about neutrinos? Can we explain anarchic mixing angles?  Greljo, Isidori 2406.01696

Spin(10)
[ j Model A
SU(2)x SU(4)
(
D[U(1)g] U(1)p-y
\ | J
SU(2), U1y D[SU(3)]
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What about neutrinos? Can we explain anarchic mixing angles?  Greljo, Isidori 2406.01696

Spin(10)
[ j Model B
SU(2)x SU(4)
(
U(1)g D[U(1)p-.]
\ J

D[SU(2),] U(L)y SU(3)
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What about neutrinos? Can we explain anarchic mixing angles?  Greljo, Isidori 2406.01696

Spin(10)
( j Model C
SU(2)p SU(4)
[
D[U(1)z] D[U(1) -]
\ J

|
D[SU(2),] U(L)y SU(3)
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