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4321 model
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4321 model
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A 5D model: a first attempt

Curvature of the AdS slice

Warped 5D geometry (RS): ds* = e‘zkynﬂydx”dx” — dy? Energy scale
[Randall, Sundrum, hep-ph/9905221] ¢

Holography = Dual to a strongly coupled sector &, — &g | Positioniny

* The strong dynamics can be used to break 4321 [Fuentes-Martin, Stangl 2004.11376]

* Anarchic partial compositeness
paradigm in RS

« Emerging U(2) symmetry at
the TeV scale...

e But in principle, broken both in
the LH and RH light sectors

p3) w(l,2)
£ D lI’L HTR

[Gherghetta, Pomarol, arXiv:hep-ph/0003129] <
Y
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[Fuentes-Martin, Isidori, Pages, Stefanek, 2012.10492
Fuentes-Martin, Isidori, JML, Selimovic, Stefanek,

A mUItiscale 5D model 2203.01952]

 Multi-brane construction: flavor hierarchies from different scales.

« =Emerging U(2) symmetry minimally broken.

Ener
~ 103 TeV ~10Tev Y

> [Dvali, Shiftman, hep-ph/0001072
Y KL ~ 10 Panico, Pomarol, 1603.06609
Barbieri, 2103.15635]
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A 5D model that...

* Reduces to 4321 below the KK scale
* Explains flavour hierarchies from a multi-scale origin

* Realises the Higgs as a pNGB

Fuentes-Martin, Isidori, JML, Selimovic, Stefanek, 2203.01952]
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As of broken generators

Gauge sector dual to NGBs
( \\ %@uark-lepton unification of light familie9

gl2 = SU@4), x SU@4),x SO(5)
- A, (6broken)
g = SU@4), x SU3),; x U(1),x SO(5)
Y- A; = Ay (15 + 4 broken)
| Zr = SUGLX U, X508 ™~

15 eaten by U, G', Z', M3y ~

4 as pNGB Higgs
SO(5) = SO@4) =SUR2); x SUR2)p

Minimal composite
Higgs (MCHM)

Pane [Agashe, Contino, Pomarol,
hep-ph/0412089]
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Fermion and scalar sector
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[Fuentes-Martin, Isidori, Pages, Stefanek, 2012.10492]
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Top Yukawa

Field | SU(4), SU(4); SO(5) .| P Y@ | Top Yukawa from
3 Vo= | 1z ST ‘P3A5‘P3 coupling
v 4 1 4 | X } (2 in the bulk
=5 _pwm > _ o2 Fory,: x> 2.2
Vi = (Mys3) (8« = g5k) ory,: g« = 2.

2y2
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Other 3rd family Yuk. and light-heavy mixing

Field SU4), SU4); SO(5) VLF mass, mass mixing of light
families with VLF, and other 3rd
3 3 (/) ’
¥, _\de’ X 4 1 4 family Yukawas from masses in
LA 1 4 4 the IR brane
g

(MY — M®) x (profile suppression)

y —
S 2\/5
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Light Yukawas
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Higgs potential

Higgs potential fully calculable

Contributions:

« Tree level from scalars with a VEV in the bulk breaking SO(5): 2, Q

 One loop from top and gauge fields

Higgs decay constant:

V(h) = acos (ﬁ) — Bsin? (ﬁ) ;o 2AR
| MM

(h) a 2B(h)?

All contributions of the correct order, up to some little-hierarchy tuning

[ of the right size for g. ~ 2.5,
compatible with the top Yukawa
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Low-energy phenomenology

 Below KK scale, same phenomenology as 4321 (B-anomalies)

 Main experimental limit coming from coloron direct searches:

Benchmark Spectrum : 4 F

[Cornella et al., 2103.16558]

Mgy = 2Ag = 16 TeV First
>| deviations
A = 8TeV from 4321
M
f, v —2 x 6.4TeV
g
M3y, = 8/ ~ 3.6 TeV
So high that EWPD are ok \/ 2kL
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Conclusions

 B-anomalies hint new physics at the TeV scale.
4321 Is a consistent UV model that can explain the B-anomalies.

« A completion of 4321 a la Randall-Sundrum points towards a

multi-scale origin of the flavour hierarchies, where a U(2) flavour
symmetry at the TeV minimally broken can be implemented.

 We have presented a 5D model realising this idea where, In

addition, the Higgs emerges as a pNGB from the same strong
dynamics that breaks 4321.

Thank youl!
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Backup

« The most constraining EW observable is Z — 77, affected by
the mixing of Z and Z*X:

09703 w3 mzz 9: 0.3 <h>2
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Backup

* Anarchic partial compositeness paradigm in RS

Dangerous dipoles (among others) x My _ v
~ e;0,epl’
generated at the IR scale 1672 A12R H
100 ]
80 Ml AMp neutron EDM
60 M ex W electron EDM
> 0. M Bouu  Mp-ey :
O 1
S s
~
o 10f-e
L1 T .
N

multiple flavor 3™ family 2" family

scales partly comp. partly comp.

A [Panico, Pomarol, 1603.06609]
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BaCkup Minimal composite Higgs (MCHM)

[Agashe, Contino, Pomarol, hep-ph/0412089]

* Breaking by a composite sector [Fuentes-Martin, Stangl 2004.11376%

4

Global symmetry G global = SUA), X SU(4); X SO(5

Gauge symmetry © topat = SU@), X SUB); X SUQ2), ¥/ U(1),¢

Spontaneously broken by a condensate at some IR gcale

Global SBB G = SU@), X SU2), X SU2),

Gauge SSB Go=ERrN S?gauge = SUQ3). xSUQ2); x U(1)y

Goldstones 15 (eaten by U,, G, Z’) + 4 (NGB Higgs)

SM Higgs emerges as a Nambu-Goldstone boson of the
same (strong) dynamics breaking 4321 gauge symmetry
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Backup

[Fuentes-Martin, Stangl 2004.11376]

SM Higgs Sector

4321 Models
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3 (3 eaten)
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e RN f
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BaCku p [Fuentes-Martin, Stangl 2004.11376]

Cl'he two sites are connected by the gaugin@

SM Higgs Sector 4321 Models
Global SU2), X SU?2  SUM@), x SUA
Sy (2, xSUQ)p | (4), X SU@),
@ 0y Dt @
Gauge See Uy, St
symmetry SUQ2), X U(1)g U(1),x SUB3), X SU4),
Left-handed Right-handed Light Heavy
fermions fermions fermions fermions
Global SSB SU(Z)V SU(4)D
Gauge SSB U)oy, X SUQ3),
Goldstones 3 (W,Z2) 15 (U,,G,Z)
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B-anomalies
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B-anomalies
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C ~ eqelz TeV—2
€€~ 0.1

3q —> 2q2121
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B-anomalies

b — sll b — ctv
b H b ¢
LQ < LQ
s u C v
e Non-universality in e/u, > 4o  Non universality in 7/u, e, ~ 30

C ~ eqelz TeV 2 c~€, TeV 2
€€~ 0.1
3q —> 2q2121 3q —> 2q313l

U(2) in light families

LQ mostly coupled to the third family‘ » to protect flavour observables
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