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What's going on?

@ What happens as we approach the Planck scale? or just as we go up in
energy...

@ What happened in the early Universe?

@ How are the gauge, Yukawa and Higgs sectors related at a more
fundamental level?

@ How do we go from a fundamental theory to eW field theory as we know
it?

@ How do particles get their very different masses?
@ What about flavour?

@ Where is the new physics??
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Search for understanding relations between parameters
addition of symmetries.
N =1 SUSY GUTs.

Complementary approach: look for RGl relations among couplings at
GUT scale — Planck scale

= reduction of couplings

resulting theory: less free parameters . more predictive

Zimmermann 1985
Remarkable: reduction of couplings provides a way to relate two
previously unrelated sectors

gauge and Yukawa couplings

Kapetanakis, M.M., Zoupanos (193), Kubo, M.M., Olechowsk, Tracas, Zoupanos (1995,1996,1997); Ochme
(1995); Kobayashi, Kubo, Raby, Zhang (2005); Gogoladze, Mimura, Nandi (2003,2004); Gogoladze, Li, Senoguz,

Shafi, Khalid, Raza (2006,2011); M.M., Tracas, Zoupanos (2014)
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Reduction of Couplings — ROC

A RGil relation among couplings ®(gy, ..., gn) = 0 satisfies

N
pdd/dp = > Bj0d/0g; = 0.
i=1
g; = coupling, 8; its 8 function
Finding the (N — 1) independent @’s is equivalent to solve the
reduction equations (RE)

By (dgi/dg) = Bi ,
i=1,---,N
@ Reduced theory: only one independent coupling and its /3 function
@ complete reduction: power series solution of RE

9a _an) 2n+1
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@ uniqueness of the solution can be investigated at one-loop
valid at all IOOpS Zimmermann, Oehme, Sibold (1984,1985)

@ The complete reduction might be too restrictive, one may use
fewer ®’s as RGI constraints

@ SUSY is essential for finiteness

finiteness: absence of co renormalizations
= pN=0
may be achieved through RE

@ SUSY no-renormalization theorems
e = only study one and two-loops

o ROC guarantees that is gauge and reparameterization
invariant to all loops
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Reduction of couplings: the Standard Model

It is possible to make a reduced system in the Standard Model in the matter
sector:

solve the REs, reduce the Yukawa and Higgs in favour of ag gives

V -2
ay/as = V689 — 25 ~ 0.0694
18
border line in RG surface, Pendleton-Ross infrared fixed line
But including the corrections due to non-vanishing gauge couplings up to
two-loops, changes these relations and gives

CVt/Oés =

§ )

M; =98.6 £9.2GeV

and
M, =645+ 1.5GeV

Both out of the experimental range, but pretty impressive

Kubo, Sibold and Zimmermann, 1984, 1985
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SUSY in RE

Many of the reduced systems imply SUSY, even if it was not assumed a priori
Moreover: adding SUSY improves predictions = SUSY + reduction of
couplings natural

. Vs=13 TeV, 36.1 - 139 &' March 2022 i .
%, [ Q*W/‘Olep (poto14203] | ATlLAS |J:»re||m|nary, o L|ght SUSY in
[0} 3500, G- 157 = 3 bijets [CONF-2018-041]

various SUSY models
incompatible with LHC data

[ G- 1 =3brets + = 2 lep. SS [CONF-2018-041, 1706.03731]
000 G- GAWF, 0 lep. + 1 lep. [2010.14293, 2101.01629]
[ §—aa2"%, 2 lep. OS SF [CERN-EP-2022-014]
F 6@z =7-12jets + 1 lep. += 2 lep. SS
[2008.06032, 1708.08232, 1909.08457)
G- a7, viaTv 2 lep. OS SF[1805.11381, CERN-EP-2022-014]
= 17 [1808.06358]

2000} = 1y [1802.03158]

[ Colours indicate different models

Y |

mé%"

2500 @ BUT Different assumptions on

parameters of MSSM or NMSSM
lead to different predictions

- Observed limits at 95% CL.

1 500,
1 000: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/
[ PUBNOTES/ATL-PHYS-PUB-2022-013/
500F
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Predictions in SU(5) FUTs

Mg, ~ 178 GeV large tan 3 1993
Mgg):176j:18 1995
Mip, ~ 174 Mgy =1756+5.5 heavy s-spectrum 1998
M ~174  MEP =1743+5.1GeV  M[j . ~ 115~ 135GeV 2003

constraints on M, and b — s+~ already push up the s-spectrum > 300 GeV

M ~173  MEP =1727+2.9GeV M ~122 ~ 126 GeV 2007

Mf,’ggs =126 £1 2012

M}gp ~ 173 Mf)’;f =173.3+£0.9 GeV M,t_,’}ggs ~ 121 -126 GeV 2013

Constraints from Higgs and B physics=> s-spectrum > 1 TeV.

More analyses, phenomenological and theoretical, encouraged (and done)

MM, Kapetanakis, Zoupanos 1992; MM, Heinemeyer, Kalinowski, Kotlarski, Kubo, Ma, Olechowski, Patellis, Tracas, Zoupanos

1993-2023
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Finiteness

Finiteness = absence of divergent contributions to renormalization
parameters = g =0

Possible in SUSY due to improved renormalization properties

A chiral, anomaly free, N = 1 globally supersymmetric gauge theory based
on a group G with gauge coupling constant g has a superpotential

1 1 .
W = Em’/d>,-¢,-+éC”kd>,-¢j¢k,

Requiring one-loop finiteness Bg) =0= q{fm gives the following conditions:
1 . .
Z T(R) = 3Cx(G), 5Cing O = 20/ Co(Ry) .

C>(G) quadratic Casimir invariant, T(R;) Dynkin index of R;, Cjj Yukawa coup., g gauge coup.
@ restricts the particle content of the models
@ relates the gauge and Yukawa sectors
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@ One-loop finiteness = two-loop finiteness

Jones, Mezincescu and Yao (1984,1985)

@ One-loop finiteness restricts the choice of irreps R;, as well as the
Yukawa couplings

@ Cannot be applied to the susy Standard Model (SSM):
Co[U(1)] =0

@ The finiteness conditions allow only SSB terms

It is possible to achieve all-loop finiteness 5" = 0:

Lucchesi, Piguet, Sibold
@ One-loop finiteness conditions must be satisfied

© The Yukawa couplings must be a formal power series in g, which
is solution (isolated and non-degenerate) to the reduction
equations
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SUSY breaking soft terms

Supersymmetry is essential. It has to be broken, though. ..

1 . 1 . 1 oo 1
—Lsp = & WX Gidyon + 5 b1 digy + 5 (MP); 6" ¢+ 5 MAX + Hee.

h trilinear couplings (A), b7 bilinear couplings, m? squared scalar masses, M unified gaugino mass

Introduce over 100 new free parameters S

“Whatever happened to elegant solutions?”
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RGI in the Soft Supersymmetry Breaking Sector

The RGI method has been extended to the SSB of these theories.

@ One- and two-loop finiteness conditions for SSB have been known for
some time Jack, Jones, et al.

@ ltis also possible to have all-loop RGl relations in the finite and non-finite
cases Kazakov; Jack, Jones, Pickering

@ SSB terms depend only on g and the unified gaugino mass M
universality conditions
h=—-MC, m? o< MP, b o My

but charge and colour breaking vacua

@ Possible to extend the universality condition to a sum-rule for the soft
scalar masses
= better phenomenology

Kawamura, Kobayashi, Kubo; Kobayashi, Kubo, M.M., Zoupanos

@ All-loop RGl relations coincide with the ones obtained in the anomaly
mediated soft breaking scenario
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Soft scalar sum-rule for the finite case

Finiteness implies

”k_gzpljk 2n :>hijk:_MCl]'k+...:—Mp2jg)g+ O(g5)

If lowest order coefficients pl(/k and (m?); satisfy diagonality relations

pipq(O)pl(l())c); X 6{ ) (mz)jl = m/26; for all p and q.

The following soft scalar-mass sum rule is satisfied, also to all-loops

2
(m? +m? +mg )/MM' =1 +1‘g7A(2)+O(g4)

5 ;é 0, where A s the two- -loop correction =0 for universal choice

for i, j, k with (0
Kobayashi, Kubo, Zoupanos
based on developments by Kazakov et al; Jack, Jones et al; Hisano, Shifman; etc

Also satisfied in certain class of orbifold models, where massive states are organized into N = 4 supermultiples
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Several aspects of Finite Models have been studied

SU(5) Finite Models studied extensively

Rabi et al; Kazakov et al; Lépez-Mercader, Quirés et al; M.M, Kapetanakis, Zoupanos; etc

One of the above coincides with a non-standard Calabi-Yau SU(5) x Eg

Greene et al; Kapetanakis, M.M., Zoupanos

Finite theory from compactified string model also exists (albeit not good
phenomenology) Ibariez
Criteria for getting finite theories from branes Hanany, Strassler, Uranga
N = 2 finiteness Frere, Mezincescu and Yao
Models involving three generations Babu, Enkhbat, Gogoladze
Some models with SU(N)* finite «—— 3 generations, good
phenomenology with SU(3)3 Ma, M.M, Zoupanos
Relation between commutative field theories and finiteness studied

Jack and Jones
Proof of conformal invariance in finite theories Kazakov
Inflation from effects of curvature that break finiteness

Elizalde, Odintsov, Pozdeeva, Vernov
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SU(5) Finite Models only third generation

Example: two models with SU(5) gauge group. The matter content is
35+310+4{5+5}+24

The models are finite to all-loops in the dimensionful and
dimensionless sector. In addition:

@ The soft scalar masses obey a sum rule

@ At the Mgyt scale the gauge symmetry is broken = MSSM

@ At the same time finiteness is broken

@ Assume two Higgs doublets of the MSSM should mostly be made out of a pair of Higgs
{5 + 5} coupled mainly to the third generation

The difference between the two models is the way the Higgses couple
to the 24

Kapetanakis, Mondragén, Zoupanos; Kazakov et al.
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The superpotential which describes the two models takes the form

—_

W = Z[E ;’10/10/H/+Q,d10i§iﬁ/]+ggs102103H4
i=1

+98, 10555 s + % 1055, Fla + 3 g4 Ha 24 Fla + - (24)

a=1

find isolated and non-degenerate solution to the finiteness
conditions

The unique solution implies discrete symmetries, Z, x Zp, x ...
We will do a partial reduction, only third generation

Myriam Mondragén (IF-UNAM) FUTs MPIK 2024
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FUTs at work

N

br=kog?)

Impose
phenomenological
constraints
sU(s) FUT
Yt
SM
MSSM
Mw  Msusy
me= Yty Vu Va=tan B

Mb,r= Yot Vd Vd= mP /Yt
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The finiteness relations give at the Mgyr scale

3 generation models

Model B

°gt—%92 \/
. gb,TZ%g2
o M, +2my = M

2 2 M
o my —2mjy =3

2 2 AMP
om§+3m10_—3

3 free parameters:
2 2
M, mg and mg,

o 2 free parameters:
M, m%
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Interplay with phenomenology

The gauge symmetry is broken below Mgyr =
Boundary conditions of the form C; = «;g, h = —MC and the sum rule at Mgyt

= MSSM.
@ Fix the value of m; = tan 3 = Miyp and mpy;
@ Assume a unique susy breaking scale
@ The LSP is neutral

@ The solutions should be compatible with radiative electroweak
breaking

@ No fast proton decay
We also

@ Allow 5% variation of the Yukawa couplings at GUT scale due to threshold corrections
@ Include radiative corrections to bottom and tau, plus resummation (very important!)

@ Estimate theoretical uncertainties
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: Predictions

Tob, Bottom, and Higgs mass

Predictions:

@ FUTB: Mgy ~ 172 ~ 174 GeV

Theoretical uncertainties ~ 4%
@ large tan 3
@ My =~ 121 — 126 GeV
@ LSP neutral

@ Radiative eW symmetry breaking

@ Aband A7 included
resummation done.
Depend mainly on tan 3 and unified
gaugino mass M.

@ LSP as CDM very constrained

Now constraints

| N\

Facts of life:
@ Right masses for top and bottom

@ Higgs mass also in experimental
range

@ B physics observables

Results:
Heavy s-spectrum

BR(b — s7)SM/MSSM : |BRbsg — 1.089] <
0.27

BR(By — 7v)SM/MSSM : |BRbtn — 1.39] <
0.69

AMpg SM/MSSM : 0.97 £ 20
BR(Bs — ptp~) = (2.9 4 1.4) x 107°

Explore possibilities of detection
= s-spectrum challenging even for FCC

Heinemeyer, Kalinowski, Kotlarski, MM, Patellis, Tracas, Zoupanos; Heinemeyer, MM, Tracas Zoupanos, Phys.Rept. (2021)
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Now include the rest...

Once top was found, we look for the solutions that satisfy the following

constraints:

Facts of life:

@ Right masses for top and
bottom

@ B physics observables

Results:
My =~ 121 — 126 GeV

BR(b — s7)SM/MSSM
|BRbsg — 1.089| < 0.27

BR(By — 7v)SM/MSSM :
|BRbtn — 1.39| < 0.69

AMg,SM/MSSM : 0.97 + 20
BR(Bs — ptp~) = (2.9+1.4)x10~°

Heavy s-spectrum

Heinemeyer, MM, Zoupanos, JHEP 2008

Once the Higgs was found, we can use the experimental value as
constraint = restrict more M and s-spectrum

Myriam Mondragén (IF-UNAM)
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Experimental challenge

@ Can they be tested at HL-LHC or FCC?

@ Constraints: Top, bottom, and Higgs masses, B physics
@ tan g always large, heavy s-spectrum common to all, but details

differ

@ Test models, calculate expected cross sections at 14 Tev
(HL-LHC) and 100 TeV (FCC)

Heinemeyer, Kalinowski, Klotarski, MM, Patellis, Tracas, Zoupanos, Eur. Phys. J. C (2021) 81:185

GUT boundary conditions

Myriam Mondragén (IF-UNAM)

FeynHiggs

A pole mass

DRbar parameters at the
SUSY scale

precise predictions for Higgs masses
and low energy observables

A
| SARAH + SPheno |—(>| MadGraph5_aMC@NLO |—(>| collider phenomenology |

FUTs
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Results for SU(5)

With latest FeynHiggs and experimental constraints = collider

phenomenology:

FUTB, nM 1251421 GeV

10000

masses [GeV]

1000

hH A H stop,,sbot, gl stau,, cha, ,neu, . .

Myriam Mondragén (IF-UNAM)

Top and bottom quark masses within 20

Heavy SUSY spectrum
= consistent with non-observation

From collider searches
= challenging even for the FCC

Lightest neutralino 100% of DM
= Over abundance of DM

BUT take into account:
Only third generation included

R parity breaking = neutrino masses
and gravitino as DM

Possible to extend to 3 generations
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@ Finiteness provides us with an UV completion of our QFT

@ Boundary conditions for RGE of the MSSM

@ RGI takes the flow in the right direction for the third generation
and Higgs masses

Taking into account experimental constraints
= susy spectrum high

@ Experimentally challenging

@ Are there other finite models?
@ Can it give us insight into the flavour structure?

@ Can we have successful reduction of couplings in a SM-like
theory?
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SU(N)¥

3 generations < finite Consider the gauge group

SU(N)1 X SU(N)2 X e X SU(N)k
with ns copies of (N, N, 1, ..., 1) + (1, N, N, ..., 1)+ -+ (N, 1,1,...,N).

The one-loop S-function coefficient

11 2 2 1 1
B = (—?+§>N+nf(§+§> <§>2N——3N+an.

= n; = 3 is a solution of 5 = 0, independently of the values of N and k.

]~(3,3*,1), q”=[ ¢ C]~(3*,1,3),

SR
SIS
== 8
T8 R
TS S

SU(3)3 singled out as the only

N B possible phenomenological model
A=|E N e|~(1,33%,

v S
Myriam Mondragén (IF-UNAM) FUTs
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2-loop SU(3)3 out of several possibilities

SU(3)3 2-loop finite trinification model, parametric solution of reduction
equations

o (18N o o . 8\ o

f —r(§>g , e=q r)(3)g ,
r parameterizes different solutions to boundary conditions, f, f Yukawa for quarks and leptons respectively

@ Finiteness implies 3 generations

@ Good top and bottom masses,
Z!L e — 3g depend on one parameter

N

Myriam Mondragén (IF-UNAM) FUTs MPIK 2024 26/45

Large tan 8

Heavy SUSY spectrum

Possibility of having neutrino masses
Consistent with seesaw mechanism

At high energies vector-like down type quarks

Also needs extra symmetries



Results for SU(3)3

@ Requiring that top and bottom
lie within experimental bounds
gives a lower bound on M

@ Not trivial to find r that fits both i
top and bottom quark masses

@ Incorporate sum rule, follow st "
procedure = Higgs mass

@ Too much CDM, if 100% is neutralino, other mechanisms can be
incorporated.

@ Neutrinos can naturally be incorporated (along with a lot of exotics)
@ Very heavy spectrum, but heavy Higgs sector testable at FCC-hh
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Split SUSY in FUT SU(3)?
We can implement a split SUSY scenario in finite SU(3)3

SU3)e x SU3)L x SUB)z

(A ~ Mgur

SU3). x SU(2)r, x SUR)r x U(1)r+r

MSSM SU(3). x SU(2)1 x U(1)y
Mesoft

Split-SUSY., (No scalars)

EW Symumetry breaking

SU(3)e x U(L)g.a

@ Similar to coset space dimensional reduction but not identical...
@ We have to implement the sum rule
@ More than one candidate to dark matter

Work in progress MM, L.E. Reyes, G. Patellis, W. Porod G. Zoupanos
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Prospects for FCC

Model top/bottom | Higgs SUSY heavy Higgs CDM
masses mass spectra spectra

~v FUT SU(5) OK/OK OK > 2.0 TeV >5.5TeV too much

v/ FUT SU(3)°® OK/OK OK >1.5TeV > 6.4 TeV feasible

~ RMin SU(5) OK/bot 40 OK > 1.2TeV ~2.5TeV too much

X RMSSM OK/OK OK ~ 1.0 TeV ~ 1.3 TeV OK

@ RMSSM already excluded by LHC searches
@ The rest testable only at FCC-hh at 2 o, only partat 5 o
@ Exception: SU(3)3 heavy Higgs sector testable at FCC-hh

@ In SU(5) models you can have neutrino masses and gravitino as
DM = R
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No SUSY: Reduction of couplings in 2HDM

@ First attempt at 2HDM by Denner = too low top and Higgs masses, not
known then.

You can reduce top, Higgs, bottom with as = other couplings zero
Denner, NPB 347 (1990)

@ Re-did Denner analysis, in type |, Il, X and flipped 2HDM, similar (not
identical) results:

Tipo 1/X (GeV) | Tipo II/Y (GeV)
mg <99.9 94.7
my < 55.8 50.6
mp 0 1.7
Myt 0 36.0
ma 0 0

Just adding Higgs doublets is not enough...
Miguel Angel May M.Sc. Thesis (2023)
@ BUT assuming the RoC at a high boundary where new physics appears

= 2HDM fit gives scale of new physics and value of tan

MM, May Pech, Patellis, Zoupanos, EPJC (2023)
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GYU from reduction of couplings at work

First predictions
now constraints

All-loop

SU(5) FUT
top and bottom masses OK
Higgs mass OK
large tan beta SU2((;I)?30|EUT
consistent with B physics
heavy SUSY spectrum

Reduced

MSSM
Reduced
heavy SUSY spectrum min SU(5)

different for each model .
* dark matter candidate
3 generations
neutrino masses
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So, now what?
Perspectives for the models: flavour
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SU(5) models with three generations

Models with 3 generations?

@ First obvious step: include all @ Rotation of Higgs sector =
generations impacts proton decay and

@ Not easy, 2 ways: doublet-triplet splitting

Rotate to MSSM

Keep all Higgses @ Then include off-diagonal

terms =
@ First very simple approach: again need discrete
get diagonal solution for quark symmetries, but possible to
masses, no SUSY breaking get interesting “textures”
my (Mz) me (Mz) mi(Mz) mg (Mz) ms (Mz) mp (Mz) mr (Mz) tan 8 Xgm,v,,

0.0012GeV 0.626GeV 171.8GeV 0.00278GeV 0.0595GeV 2.86GeV 1.74623GeV 57.4 0.152

Estimation: heavy triplets ~ 1.25 GUT scale, possible to avoid proton decay.
L.O. Estrada-Ramos, MM, G. Patellis, Gi Zoupanos, Fort.der Phys. 2024
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General form of SU(5) FUT matrices

The general form of the SU(5) FUT up and down quark mass
matrices, before the rotation to the MSSM:

911a(H3) G12a(H3) G13a (H3)
My = | 9o1a(H3) Go2a(H3) Foza(H3)
O31a(H3) Ga2a(H3) Gaza(H3)

G21a(Has) Qova(Has) Oesa(Has)

(Qﬁa (Has) O12a(Has) O13a <7Ela5>>
My =
O31a(Has) Osoa{Has) Tssa(Has)

a=1...4isthe Higgs index

@ FUT conditions lead to coupled system of equations among
Yukawa couplings

@ Parametric solutions = two-loop finite solutions

@ Unique solutions = all-loop finite solutions
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All-loop S3 x Z3 x Z»

@ Previously A4 and Qg explored
Babu, Enkhbat, Gogoladze (2003); Babu, Kobayashi, Kubo (2003) ; E. Jiménez-Ramos, MM (2014)
@ Let’s try the smallest non-Abelian group Ss.
Accomodates very well quark mass matrices at low energies:

1st and 2nd generation and 2 pairs Higgs fields in 2, 3rd generation in 1g,
1 pair of Higgs fields in 1g, 1 pair of Higgs fields in 14,

In our FUT case

9113 (H3) 0 G131 §H1§
M, = 0 Q11 gHgi G131 (H3) | .
G131 (H3)  gia1 (H3
0113 (Hss) 0 G131 (H1s)
My = 0 0113 (Has) Q131 (Hos)
Gs11 (H1s)  a11 (Has) 0

Too restrictive... leads to two of the masses almost degenerate
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SU(5) FUTs with cyclic symmetries

Classification of SU(5) FUTs with vanishing off-diagonal v done
already
Fermions coupled to 3 or 4 pairs of Higgs boson fields

111 H? 9123 Hg 9132 Hg g112 Hg 9121 H? 0
= [ 9213 Hg G222 Hg 9231 H? ) V3(,2)= 211 H? 923 { H3 9232 Hg ]
9312 Hg 9321 H? 9333 Hg 0 9322 ( Hp 9333 Hg
- gi13 §H§> 9121 (H3) 0 @ o111 (H3) 0 0
V3V = | G211 (H7) Qo2 H%; G232 gHS; , Vgl = 0 9223 éﬂgi G232 §HS§ )
0 Ga22 (H3) a3 (H3 0 Os22 (M3) Gsas (H3
9111 (H3)  Gioa (H3)  graz (H3) ) G112 <HS§ 9121 (M3 0
‘-: Go1a (H3) G2z (H3)  Geai 'H?g s Vi = geni (H3)  Geza (H3)  Goas gﬂii )
Ga12 (H3) 21 (H3) gsss (H3 0 Os24 (M3) Osss (H3
@) g113 <'H§ G121 (H3)  Graz (H3) @ 9113 H§> G121 (H3)  grsz (H3
V)" = g1 (H3) Qo2 <H£’§ 9234 <H2§ , Vo= gen H1§ G023 (H3)  Qoza (M3
a2 (M3) gaoa (H3) Gsas (H3 12 (H3) gaa (H3) gazs (H3

Matrices obtained exchanging the Higgs indices fall under this classification.

Babu, Enkhbat, Gogoladze (2003)
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Parametric solutions: 2-loop finiteness

@ We looked only for solutions where M, and My have the same texture,
other solutions are possible

@ Most solutions found are parametric, i.e. not isolated and
non-degenerate

@ This implies only 2-loop finiteness

= some Yukawa couplings are determined exactly,
some others within a range of values

More freedom in these models to find viable mass textures

@ Taking the limiting values makes some Yukawa couplings zero
= symmetry
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Example: 2-loop FUT
Vv,

f) for both mass matrices

Zn | Wy Uy | W | Xy | Xo | X3 | Hy4 Ho | Ha | Ha | Hy Hy | Ha | Hg4 | =
Z, 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
Zg | 4 3 5 0 7 1 0 2 6 1 4 3 2 5 0
The following parametric solutions are found for this model

4 2
912412 = |G214/* = gg?, , 1gozol? = gQ§ , 123117 = |gaz1]?

| 2 2
—ﬁ(895—5|g111|) :
6 _ _
\9333\22595 , giP =

3
|124]% = 20 (395 5|Q111|2) 0
G214l = > G117 5 |Ge2f® = [Gosi|* = igg G521 ° = [ 2 (295 = 519111 |2)
4 ’ 1077 20 ’
9 3 92 15
109 , bol? = *gé , fsl? = 75 . lpl? = *95 ;

|G31217 = |17 = |faal? =0 .

|Gs33l® =

2
|g132/% = |gar2l® =

191321 =
Positivity conditions lead to

8 2
9 < 9111 =
5% < G117 < 5% -
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All-loop FUT

Vf) for both mass matrices similar to Babu et al model, with different symmetries, and with phases

Zn | Wy | W | W | Xy | Xo | Xa | Hy | Ho | Ha | Ha | Hq | Ho | Az | A4 | =
Z> 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
Z3 0 2 0 0 2 0 1 1 0 0 1 1 0 0 0
Z4 3 3 2 3 3 2 2 3 0 2 2 3 0 2 0

2 2 2 2 2 2
1911417 = 191211 = 19211 1" = [9232]" = [9322|" = |g333| »
I I By S B B
[G1141% = 1912117 = 18211 |" = 182321 = |3322|" = |T3a3| .
2 2 15, 2
|f33]% = |faal|® = 2% - |p|® = -

Since these solutions are unique, isolated and non-degenerate, the model is all-loop finite.
The sum rules are:

m%;1 = m%s = % (—mmt +omp ) m%z é (—mmt — e+ 15m7, )
M3y = ’”2%3 -3 (MMT B mis) ’ mf?z - % (MMT = 2Mh, + mH3) ’

1 1
2 —md = i 2 em? 2 —md = T _3md
mp, = Mg, = 3 (2MM +3m,_,,1 6m,_,3) 0 gy =, 2 (ZMM 3’”H3) 5

2 2
myy, = my

2 2
4 M,

1
- m? — —mmt
g = My m¢):73MM
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All-loop mass matrices

It is possible to determine the minimum amount of phases and their positions
Kusenko, Shrock (1994)

The mass matrices for this model are:

g4 (H3) o1z <H?> 0 ) H <7-Lf> 0
My = | gor1 (H3 0 gz (H3) | = 7% 1S3 0 H
0 G322 <H§> 333 (3 0 <7—Lg> 6?3 <?—Lg>
Gi14 §ﬁ45§ Gzt (Flis) 0 3 id_><H4§> (Fis) 0
Mg = | 9211 (H1s 0 9232 éﬂzsg =\s%|® 1 (Fis) 0 {(FHas) .
0 G322 (Hlos) G333 (Hlas 0 e'%2 (Flps) €73 (Fgs)

3 _§4~ B 0 -
My=yz95|e?1B 0 B | (Kes),
0 6928, €%3p;

where &; and 5,- refer to the rotation angles in the up and down sector, respectively.
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Phenomenological prospects?

@ Possible to have mass matrices with “good” textures,
still have to run RGEs to Mz

@ SUSY radiative corrections can be sizeable, especially for large tan 8

@ How will they affect the rest of the entries?
@ Viable/unviable textures might change at low energies after SUSY breaking and
RGE running

@ In all-loop 3 gen model (3,3) entries in mass matrices coincide with
FUTB model:

@ accurate predictions for top and bottom quark masses, Higgs mass
@ large tan g
@ heavy s-spectrum

@ Unknowns mainly from Higgs sector and phases...
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Finally, how many free parameters?

GUT scale 89 free parameters
Yukawa couplings, soft breaking terms,
phases, vev's of the Higgs fields

After Finiteness solutions
33 free parameters

Low energies:

radiative electroweak breaking, fix m-#% and SM vev give Require doublet-triplet splitting, rotation to

MSSM basis with constraints over angles,
tanp ! P
rephasing invariants
=> 12 parameters left: -

J

The soft breaking terms, the phases, and the rotation angles

Only one phase is observable
= ovs, o1, ct2, a3, B, Ba. B3 M,
only 9 parameters left to fit masses and mixing angles
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Open questions

@ For quarks: complete running of the RGE’s needed
large tan 3, constrained soft breaking terms =- results??
Cakir, Solmaz (2008); Xing (2022)

What about neutrinos and charged leptons?

o Neutrino masses mlght be added by ﬁ fOI’ SU(S) well known for many years...
finite SU(3)® includes them

@ Soft SUSY breaking sector crucial also for ms # m,, and my # me
R could also help here e.g. Bajc, di Luzio (2022)

@ Proton decay tight... more easily suppressed in a type of
split-SUSY scenario e.g. Hisano (2022)
or more fine tuning??

@ What about the phases and CP violation?
Is it possible to reduce or constrain them?
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Conclusions

@ Reduction of couplings:
powerful principle implies
Gauge Yukawa Unification
= predictive models

@ Possible SSB terms =- satisfy
a sum rule among soft scalars

@ Finiteness = reduces greatly
the number of free parameters

completely finite theories SU(5)
2-loop finite theories SU(3)3

Successful prediction for top quark and
Higgs boson mass

Large tan 8
Satisfy BPO constraints (not trivial)
Heavy SUSY spectrum, even for FCC

Myriam Mondragén (IF-UNAM)

FUTs

3 generations models:

2-loops: Yukawa couplings
determined within a range

all-loop: Yukawa couplings completely
determined

Can lead to viable mass
textures

Drastic reduction in the
number of free parameters

Free parameters come mainly
from Higgs and SSB sectors,
and phases

Flavour in FUTs = more
fundamental theory?
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Some open questions and future work in reduction of couplings

@ Are there more finite and reduced models? Yes...
@ Do all fermions acquire masses the same way? ??

@ Is it possible to include three generations in a reduced or finite
model? Yes...

@ How to incorporate flavour? possible, points towards symmetries
= What will be the impact at low energies?

@ How to include neutrino masses?  perhaps R for SU(5), natural for SU(3)3

@ Is it indispensible to have SUSY for successful reduced theories?

Yes for finite theories, but non-SUSY multi-Higgs are possible

@ How to make better use
symmetries < reduction of couplings? ?
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