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o (Most of) SM parameters come from the Yukawa sector.
o Global symmetries to relate matrix elements.
o Local symmetries.

o SU5, the Simp|e5t one (Rank 4), (Georgi, Glashow)
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: (Super)symmetry

Non-conventional symmetry.

Possible solution to Hierachy Problem.

No fermions in the adjoint of SU; x SU, x U; — Double the
spectrum.

Soft terms. 100 parameters.
N = 4 is (all-loop) finite.
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: Reduction of Couplings

o Relations between couplings — symmetries?

d
[*] /Bg 5;’ = /8,' . (Zimmermann, Oehme, Sibold)
o (Counterexample) Dirac field + Pseudoscalar. (sibola)

o Infrared ratio top Gauge-Yukawa (GYU) — M; ~ 100GeV .... (Pendention,

Ross)
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: Finiteness

o Ultraviolet Divergences are absent.

o General Field Theories ( 4D), B =0

o But 82 = 0 — (Fermion-Boson) relations, (LuchaNeinfela)
o In SUSY, ﬂl =0— 52 = 0. (Parkes, West, Jack, Jones, Mezincescu)
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: Finiteness

o Ultraviolet Divergences are absent.

o General Field Theories ( 4D), B =0

o But 8?2 =0— (Fermion-Boson) relations, (Lucha-Neinfeld)
o In SUSY, ﬂl =0— ﬂz = 0. (Parkes, West, Jack, Jones, Mezincescu)
o Domino Effect?

PASCOS 2012 (Mérida, Yucatan) SUs X Qp SUSY-FUTs June 9, 2012 6 /23



- All order finiteness (Lucchesi, Piguet, Sibold)

Consider a (Renormalizable) SUSY Yang-Mills Theory with a simple
group.

o Gauge anomaly is absent.

o Bz =0=73"I(R)—3G(G),

o Yt =0 = 5-(C™C — 282 C(R)3)),  Cijk = piju&

o isolote and non-degenerate, 55’/( =0.

— SUSY-Yang-Mills Theory with just one coupling constant (g) with
Bg = 0.
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: SUSY-FUT. The Strategy

We consider a SUSY-FUT which gauge group is broken at scale Mgyr, so
at low energies (with respect to Mgyt) we are left with a MSSM type
theory. Then finiteness conditions work as boundary conditions.
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: SUSY-FUT. The Strategy

We consider a SUSY-FUT which gauge group is broken at scale Mgyr, so
at low energies (with respect to Mgyt) we are left with a MSSM type
theory. Then finiteness conditions work as boundary conditions.

Finite Models in four (SU(5)) dimensions studied extensively.

Rajpoot, Taylor, Schwarz, Raby, Kazakov, Ledn, Pérez-Mercader, Quirds, Mondragén, Kapetanakis, Zoupanos, Babu, etc.
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: Higgs sector mass matrices. SUs

o Higgs superpotential: my XX 4+ hx XX

o Taking SUs, (X) = w Diag{—2,—-2,—2,+3,+3}

o my = mx+3(w)hx, mr = mx —2(w)hx,

@ mt ~ mgyT, at least one eigenvalue of my ~ mgy coupled to
Yukawa Sector.
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: MSSM scenario. Rotating the Higgs Sector.

o Rotate nggs sector. U;((, U)‘( (Ledn, Pérez-Mercader)
® Vew1 2_o(Y¥)?(Ux)aa (up) and Vw2 3°,(Y9)(Ux)as (down)
o det(m7) =~ 5w*hx(Ux)aa(Ug)aa  —  (Ux)aa(Ug)as > 55
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o Finiteness conditions impose (4(5),7(5), (1)24, (3)10)
o 5 . Ha7 5 . Fla, 24 . Z 10 . 10, 5 5 . 5_, (Rajpoot, Taylor, Hamidi,Schwarz)

° 1 YloloH 1010H + Y105H105H + YHH:HZH + iV 23+
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©

Finiteness conditions impose (4(5),7(5), (1)24, (3)10)
o 5 : Ha7 5 : Fla, 24 : Z 10 : 10,‘, 5 : 5_ (Rajpoot, Taylor, Hamidi,Schwarz)

o3 YloloH 1010H + Y105H105H - YHH:HZH + iV 23+
° Some violate baryon and lepton number.

© Yssi0 = Yapwo = Yuss = O
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: Finiteness Conditions

He o 3 fP 4+ Bhe > = 2 g2
5 - 4 giia 89 = %g%
Ay 4giag™+ 2 hah® = %0}
10{-'1 3 e I+ 2g4a 87 = 1—6g25{
L haph®+Fpp = P4
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: Finiteness Conditions

Unitary transformations preserve finiteness conditions.
2 15 2
Pl = T8

Number of Higgses in 106H = 1010H, (> 3)
if hop # 0 (4h) — 3 coupled Higgses.
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: Finiteness Conditions

Yukawas of the form:

3
f,=g{ \[Z Z U10)ki(U10) ki (Un) ka) 10;10;H,

ja k
3

+ \/72 Z U10)ki(Us) ki (Up ) ka) 10;5;Ha
ja k

3 (Un)aa(Up)as) HsZ 4/ 2 52}
ab

satisfy finiteness conditions.
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: Discrete simmetries.

All representations of (Bi)-Dihedral groups are (one and
two)-dimensional

©

Qs has two 2-dimensional and four 1-dimensional representations.
414 4 (2. 7)(412) + (2-7-3)(419) + ...

_ [ 101
0 (1)

Invariant tensors are proportonial to Pauli matrices.
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@ All H's in a singlet irrep. of Qs are not allowed.
o HT = (Hl, Hg), 2
o Similar for 106H

vA = 10,10. VB =10,5. w§ =103103. WS = H, A.
W8 = 105,55 VW§ = Hs, Hs
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: SUs x Qs SUSY — FUTs

aVvAVBYS 1 puAVBWE 4w uBUC 1 g uAVBYC | e uivBYS

(24 - 4°) possibilities. After Finiteness Conditions:

= lergl = /3 Urg)sen(0r.p).

larg| = |brg

lergl = V2| drg| = (lrg)cos(fr ),

[(a,b,c) = 0]V [(d,e) = 0] = All loop finite

PASCOS 2012 (Mérida, Yucatan) SUs X Qp SUSY-FUTs June 9, 2012 17 /23



: fermion mass matrices

We look for the assignments that allow a, b, ¢, e, d; Then mass matrices

are
1 —dvi + av3 dvo bvy
5 dvp dvi+avs bwn |, 10 = 2/, 103 = 1, H3 = 1,
cVv: CVvo ev3
1 dvs + avs —dwvi bv
5 - —dwn+avy bw|, 10=2 103 = 1”, H; = 1/,
cVv: CVvo evs
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: fermion mass matrices

Additionaly for the 105H sector:

dvy + av dvy bvi
—dV1 dV2 — avs bV2 s 103 = 1”, g = 1/, /:I = 1”
cvi —CV ev3
dvy + avs dvy bvy
—dVl dV2 — avs —bV1 s 103 = 1”/, 53 = 13, /:/3 = 1”
CVvo (%] evs

These mass matrices have been proved to be phenomenologically
succesful. (Canales,Kubo)
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Finite SUs (one family) .
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(m? + m? + mp)/(MMT) = 1+
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: Perspectives and Conclusions
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: Perspectives and Conclusions

@ By introducing soft terms and imposing finiteness (at least at
two-loops) we will generate mass sum rules in the soft sector. (Mondragsn,

Kazakov, Zoupanos).
@ Threshold corrections.
@ SUs relations M; = My
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: Perspectives and Conclusions

By introducing soft terms and imposing finiteness (at least at
two-loops) we will generate mass sum rules in the soft sector. (Mondragsn,

Kazakov, Zoupanos).

©

Threshold corrections.

SUs relations M; = My

@ We have considered a SUs SUSY-FUT with a discrete symmetry
group Q.

Mass matrices.

©

©

¢ ©

The heavy family is parametrized with 2 angles, g.
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: Perspectives and Conclusions

@ By introducing soft terms and imposing finiteness (at least at
two-loops) we will generate mass sum rules in the soft sector. (Mondragsn,

Kazakov, Zoupanos).

© Threshold corrections.

o SUs relations M; = My

@ We have considered a SUs SUSY-FUT with a discrete symmetry
group Qe.

o Mass matrices.

® The heavy family is parametrized with 2 angles, g.

@ Could be a link between the MSSM and a more fundamental theory.
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