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Motivation

 The SM is a great theory.

 But... Flavor: while gauge sector is universal, Higgs couples to
fermions in a funny way.

_ _ Vekm ~
» Also: Higgs hierarchy problem.
* | am going to present a BSM model whose dynamics inevitably
leads to: V. ~
PMNS
* Hierarchies of masses between third and light families.
* Hierarchy of CKM vs anarchy of PMNS. W H
Z
* The emergence of the Higgs as a composite state. 3 & - L b f
; " '
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A tOy SM L [Quigg, Shrock, 0901.3958]
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A tOy SM [Quigg, Shrock, 0901.3958]

« SM with 1 family and no Higgs

* This gauge is anomalous.

e; €p . -
U(I)EM Mixed anomalies:
T U(1), — SUR); r — SUQ2);

SUR2); X SUR2)p X U(1)_;
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y= 134 5
=Tp+—
(Gr9r) # O —L
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SU2), X SUQ), —> SU(2),, 2
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A tOy SM [Quigg, Shrock, 0901.3958]

« SM with 1 family and no Higgs

* This gauge is not anomalous.

er €p . .
U(l)EM Mixed anomalies:
! U1y, — SUQY, 7w —SU2)

SUR2); X SUR)p X U(1)s_;

( ) ( ) Uy U()_y = Uy

€L, R
d; dp, 2
(Grqr) # 0 Q=T2+T£+B_L

SU2), x SUQ2), —> SUQ),
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Addressin flavor [Pati, Salam, PRD 10 (1974); Li, Ma, PRL 47 (1981)]

g [Bordone, Cornella, Fuentes-Martin, Isidori, 1712.01368; Fernandez-Navarro, King, 2305.07690;
Davighi, Stefanek, 2305.16280; Davighi, Gosnay, Miller, Renner 2312.13346; Capdevila,
Crivellin, JML, Pokorski, 2401.00848; Covone, Davighi, Isidori, Pesut, 2407.10950, ...]

Change chirality for flavor. Flavor deconstruction: _ Formore, see aiso
>PeV : >TeV E
GIXG2XG3XG _)GIZXGfSXGU_)GSM:

Left-right unification:

SUR2);, X U(l)y, CSUR2); X U(1)z_; X SU2)p

Gauge symm: & = SUQ2); X SU2);, X U(1)y X SU2)p,
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Breaking sector

* \We need a sector breaking the UV gauge symmetry to the SM.
* Like in QCD, let us add a hyper-sector:

« (Gauge group: SU(NHc)

» Hyper-fermions in a vector representation: ¢ = (£ (L), C (R)) SUR)p X U(1)p_,
. ’
Site 1 Site E=SUQ2);{ XxSUR);» X U(l)y x SUQ2)p,
SUQ), éV£L> évl(em ( 5(LL)§I(€L)> 0= SUQ2); xSU2);, = SU2); ’ l
""""""""""""""""" ™ S 3= 99279

We promote U(1)z_; = U(1)yp.ip_; HB|, = 1/Nyc

It triggers an anomalous-looking arrangement of the SM fields,
that addresses the different patterns of the CKM and PMNS
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Breaking sector

* \We need a sector breaking the UV gauge symmetry to the SM.
* Like in QCD, let us add a hyper-sector:

« (Gauge group: SU(NHc)

. Hyper-fermions in a vector representation: ¢ = (&5, W) SUQR); X UD) ypops
. Y
Site 1 Site 2 G =8SUQR2)  XSUQR2);, X U(l)y X SU2)p,
v, A0 b | (G #£05 SUQ), X SUQ), - SUQ), gy l
SUQ) (R ¢® (CC) # 0 = SUQR)g; X SUQR)gy — SUQ) SUQ), % U(l),
, HB+B-L
We promote U(1)z_; = U(1)yp.ip_; HB|, = 1/Nyc A= 1p 5
It triggers an anomalous-looking arrangement of the SM fields, — 73 4 73 HB+bB — L
that addresses the different patterns of the CKM and PMNS Q= LT 1IpT

Javier M. Lizana | Flavour hierarchies, extended groups and composites



Fermion arrangement

 Arrangement to cancel gauge anomalies:

Site 1 Site 2
suR), @ a7 @ G
J7e) MG S B S S

No U(D)ypip_; — SU(2) — SU(2) anomalies
If Ny is odd = No Witten anomaly

[Fuentes-Martin, JML, 2402.09507]
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[Antusch, Greljo, Stefanek, Thomsen, 2311.09288]

Fermion arrangement

 Arrangement to cancel gauge anomalies:

Site 1 Site 2
12,123 (1) | 3 (L) NP distinguish
SU (2) 7 qL KL CL qr. L{:R g amonng_Il-rl]%L:JIZrlfss. .
12 123 R 3 (R " butamong RH
\) U(Z)R fR R Z°:L KR °R g chagg:c;nlce);’?ons

No U(D)ypip_; — SU(2) — SU(2) anomalies
If Ny is odd = No Witten anomaly

[Fuentes-Martin, JML, 2402.09507]

Javier M. Lizana | Flavour hierarchies, extended groups and composites 10


https://arxiv.org/abs/2402.09507
https://arxiv.org/abs/2311.09288

Symmetry-breaking pattern

(L)

( fR)) ~4 of SUM4), D SUR2); X SU2)p,
L

(L)
( fR)) ~ 4 of SU4), D SU2),, X SUQ2)
R

19y
SU4), x SU4), — SU4)y,

(15 broken generators)

15=1,1)+2x2,2)+(1,3)+ @3, 1)

of SU(2), X SU(2) )
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Symmetry-breaking pattern

(L)
( fR)) ~4 of SUM4), D SUR2); X SU2)p,
L

(L)
( > ) ~ 4 of SU4), D SU2),, X SUQ2)

(R)
R
(C18r)
SU@4), xSU4), — SU4)y,
(15 broken generators) W ﬂi»O ~ (1,3) 0
Eaten by new massive 0
Physical pNGBs gauge bosons gg_/ﬁ (1, 1)0
poTTTTTTTTTTTTREETETTTS ~ ~
5= D+2x kA S+ & B D
It's a 2ZHDM! l,,’ W;? and 2 7’
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
su, 4t ot g @ g
SUQR| TR G R &

Third family (e.g. top):

L x  (GupCRet) = (qup) oy
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
SUQ), qL1,2 le,z,s é«£L) g C;{L)
SUQR| w4 e &

Third family (e.qg. top):

L x  (qupCPe)
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
SUQ), qL1,2 fL1,2,3 éféL) g CIgL)
SUQR| T G e G

Third family (e.qg. top):

L x  (qupCg)
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
suay, ot ot g g &

SUQR| T G0 e &

Third family (e.qg. top):

L x  (GupEPEY)
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
sua, @t att g @ &
SUQR| TR G R &
Third family (e.qg. top): Light families (e.g. u):
P @uHER) (Z1el)ERRNER D) = (Zrei) Oy,
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Hierarchies in quarks

Z D YWa Heu ij=12

m

A nm=1,273

3 HE i + 3 HC g

in

Light Yukawas (Vub)

B < X

X X
X X g
_ _

U(3),, rotation

[Antusch, Greljo, Stefanek, Thomsen, 2311.09288]
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Hierarchies in quarks

Z D YWa Heu ij=12

m

A nm=1,273

" g H upy + QI%HCYJR

in

Light Yukawas (Vub)

B < X

X X
X X g
_ _

U(3),, rotation

[Antusch, Greljo, Stefanek, Thomsen, 2311.09288]
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Hierarchies In leptons

oYl Hey i\j=12

/\ nm=1,273

A° /" Hep + yi" H g

Light Yukawas
X X H X X1 0
X X N ol B X 0

X X _ U(3), rotation

A
<L D Xm (L”ZHC)(HTL”Z‘C) ~ Anarchic PMNS

U
[Antusch, Greljo, Stefanek, Thomsen, 2311.09288]
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Hierarchies In leptons

oYl Hey i\j=12

/\ nm=1,273

A® " Hep + v.Z; Hrg

Light Yukawas
X X H X X1 0
X X N ol B X 0

X X _ U(3), rotation

A
<L D Xm (L”ZHC)(HTL”Z‘C) ~ Anarchic PMNS

U
[Antusch, Greljo, Stefanek, Thomsen, 2311.09288]
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Higgs potential

1/}3 CIgR)
» Every breaking of SU(4), X SU4), P 1,V
contributes to the potential: ®
N, 4
702 7002 ) W [ W + o +...
h '
Amél <0 / 10~>72 tuning

* Benchmark for 4-fermions: = 0()

2

f (R) 3

R\/CL VR R M]%, B i
: - =) = O(TeV?)
! 22 4Nue

g3 / \gg» N, G ~0.1 -0.2
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] r Colored regions: Excluded at 95 % C.L.
Some pheno:

Dashed lines: Future projections
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Conclusions

* We have presented a model whose dynamics inevitably leads to:

* Hierarchies of masses between third and light families.
* Hierarchy of CKM vs anarchy of PMNS.

* The emergence of the Higgs as a composite and the breaking of the
EW symmetry.

* |t presents a novel mechanism to explain flavor hierarchies!

* Rich pheno with interplay between LHC, EW and flavor.

» Future tests of the model from improvementin y — ¢!

Thanks!
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New states t E

SU(3), X SU(Nyc)
X SU2)y, X U(1)y

Hyper-resonances

T A~ 20TeV
Anomalous-looking _
flavor non-universal - A (£, Cr)
theory v, By, By 3
H,, S +~ 1TeV
Flavor-universal theory - SUB3). xSUR2); x U(1)y
SM + H,?
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[Greljo, Thomsen, 2309.11547; Davighi,
Gosnay, Miller, Renner, 2312.13346;

LH suppression in leptons e e s

Light Yukawas
oYY Hel R o { )
N <oox X 3 S I
A¢ 7 Hel + €3 Hy'e! B N W/G), oo\ 0 0 T
A

Iy (CAHOYHE3) + A3 (CRHOH 1) + A, (LT HOY(H )

|
<L D —
A

1

I ~ A3 > A3, > A, > m, Im, < 60,; <1 = Hierarchical PMNS

— — X
- - X ij=1,2
X X B n,m=1,23
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Heavy Neutral Lepton

« The partner of 7y, 1/1% has a 7-size Yukawa. It should become a HNL:

Site 1 Site 2
1,2 1,2,3 L 3 L
suy,| a” aTd) L w &
3
SUQR| 9™ & ‘G
R v
1/13 5;3 ) ( 3
Uk, TR) o,
N, ~1 } myN; Uy
Ny C]ER) ML, 2412.14243]
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All representations

Field | SU(2)r1 | SUQ2)r1 | SU@2)z2 | SUR2)r2 || UQ)B-1 | SU(3). || SU(Nuc)
@ 1 1 2 1 1/6 3 1
q;° 2 1 1 1 1/6 3 1

g 1 2 1 1 1/6 3 1

0*° 2 1 1 1 ~1/2 1 1
e, 1 1 1 2 —1/2 1 1
0 1 2 1 1 ~1/2 1 1
o 2 1 1 1 1/2Nuc | 1
3 1 2 1 1 1/2Nuc | 1
(L) 1 1 2 1 1/2Nuc 1
¢y 1 1 1 2 1/2Ngc | 1
N 1 1 1 1 0 1 1

[JML, 2412.14243]
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Vector states Mixing angles 6, , Oy

l/_jL q3 %Cl ',' H
WZ ~ (1,3) v, v, " \/}\/\'::
1 T H
—g; tan 0, L g; cotl; qj —g;(cot; —tan 0;)
ms, = 2fg; csc26, 2

- (an O YLR 1 Yy
Moo = 2ng CSC ZQX V/gY X —Egy (COt HX — tan HX) Tgy (C()t QX — tan HX)
=+ y]% =+ '¢' H
%Iu ~ (19 1)+1 %Mi / 95’\}4\/\' L’
‘/\\ . o .
Mee = f gy Csc Oy gy Csc Oy gy csc by

[JML, 2412.14243]
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SU4), X SU(4), — SU@4), D SU2), X SU2),

|10, \SF 1, —i(H, +iH,)

. 2

Goldstone matrix: U = e’H/f, Il =— q
2 |i(H, +iH,)" A% 1,

/N

CP even CP odd

 Assuming CP conservation:

1 | A
V> EmSZSz +mp, | Hy |+ mj | Hy|* + im{, (H'H, — HIH,) + T | H |

(H,) x i{H,) = custecia

[UML, 2412.14243]
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Semisimple UV-completion

SUGB). X SUNye) X U(Dg_
T
|
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&2
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Q.
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=

)
=
>
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=
>
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SU(

—
S’
i,
wn

| | et

N

BN

=

>

B~

p
bt (| e [N [ b [ e [ DN |
bt (]t DN R [N [ DN | e | e
Pt (DN | b [ [ [ e [ [ e | e
Pt ] | =R

b (] | DN | R | e || | [ e

[JML, 2412.14243]
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Alternative model

Site 1 Site 2
3 1,2,3 L 1,2 L
su),|  a 677 4 q,”
SUQR| & 4% & ‘" Gk
2
If (B — L), = and Ny is even = Anomaly-free
Nyc

[JML, 2412.14243]
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Alternative model

Field | SU(2)z1 | SU(2)r1 || SU2)r2 | SU@2)r2 | U(l)s-1 | SU@3)c | SU(Nuc)
q; 2 1 1 1 1/6 3 1
q;”° 1 1 2 1 1/6 3 1

g 1 2 1 1 1/6 3 1

0y*° 2 1 1 1 ~1/2 1 1
&, 1 2 1 1 —1/2 1 1
03 1 1 1 2 ~1/2 1 1
() 2 1 1 1 1/Nuc 1
) 1 2 1 1 1/Nuc 1
¢ 1 1 2 1 1/Nuc 1
¢ 1 1 1 2 1/Nuc 1
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
sua, @t att g @ &
SUQR| TR G R &
Third family (e.g. top): Light families (e.g. ):
P GupHEPD) (Zreb)ERLRYERLD) = (Zrel) O
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
suay,| @t ot g 4 g
SUQR| BT wT G R &
Third family (e.g. top): Light families (e.g. u):
L x  (GupE) (7} ep)( SN
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
sua, @t att g @ &
SUQR| TR G R G

Third family (e.g. top): Light families (e.g. u):

L x (Gqupey) (C1eR)(CV NG
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Yukawa couplings

» Yukawas a la technicolor £ D g, t, Oy (also possible partial compositeness).

 Extended gauge addresses flavor hierarchies:

Site 1 Site 2
s, @ o g @ &

---------------------------------------------------------------------------------------------------------------------------

Third family (e.g. top): Light families (e.g. u):
L x  (GupEched) (C}ep)(CCINCEOTH)
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