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Introduction |

We heard many talks on SU(5) and SO(10).

There is just one group with complex representations and so chiral

fields on top of SU(N) and SO(2N) - it is

Lig

Not so known: rank 6, contains the SM
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Few facts about Ej:

fundamental representation: 27°

upper and lower indices t =1,...,27
anti-fundamental representation: 27,
adjoint: 78! (with some constraints)

invariant tensor d;;; or d* k symmetric

invariants by summing upper and lower indices (27'27; or 78:2 78;-)
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Last year in this conference: Fg with large representations (27,
3517, 650)

e motivation 1: dark matter candidate (inert doublet in 27)
e motivation 2: good Yukawa structure (10 in 27y complex)
e realistic model

Babu, BB, Susic, 2403.20278

But large representations — possible problems
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Perturbativity |

o (et () re() )

a=16 , b=11956 , c= 560730

a anomalously small — 2-loop important, higher loops less
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typically a(_Jl ~ 40

— Landau pole at 1 to 2 orders of magnitude above GUT
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- perturbative unitarity: Re(ag) < 0.5

largest-magnitude eigenvalue for the partial-wave coeflicient

oy 37T

2/78

C'(R) ... Casimir of R
C(R) =1/2 (real) or 1 (complex) irrep R

(ao)maaz —

27C(27)2 +Zg R)dim(R)C(R)?

)maaz

In our case (ag = 0.69 but with the approximation of massless

particles

—=s 1 order of magnitude above Mgy the theory is non-unitary
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The reason is large representations of 351’ and 650
Is it possible to live without them?

Lowest Ejg irreducible representations below dimension 1000:

27, 78, 351, 351, 650

So we should survive with 27, 27, 78
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Fermions:

10 +1

chiral vectorlike

Natural to have 3 generations of 27

The only possible Yukawa,

D Yi2Tpi2Tp27 + he. (dape27%27°27°)

tJ
gives no mixing (one Yukawa only)

Two 27y allow mixing but still
Mp = Mg

Down quarks and charged lepton masses equal (like multiple 10
Higgses only in SO(10))
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We need an extra vectorlike fermionic pair 27 + 277, with extra

Yukawa

Z 77@271:’@2_71:’78}]

Since 78y has different Clebsches for down quarks and charged
leptons — Mp # Mg (once we break Pati-Salam)

Fermionic sector: 4 X 277 + 275

This should be enough for the charged fermion sector

In fact in SO(10):

126 +4 x 165 + 165
Babu, BB, Saad, 1605.05116

Hangzhou ’26 10



Borut Bajc

Neutrinos get mass only at loop level

(27%)

To be done
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Asymptotic freedom |

We thus have

1 x78 ... wvector
3+ 2Np x 27 ... fermions
1 X784+ Ny x 27 ... Higgses

The Eg gauge beta function at 1-loop:

11 2 1
by = - x 12— 5(3+2Np)3 — < (12 + 2Np3)

we will take Np =1 and Ng =1 so b; = 31

So b; > 0 and at least in principle could be UV free.
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But we must include also Yukawa and Higgs couplings:

4 4
1Y Y275 276727 + Y ni2707 18275

i j=1 i=1
gQ?FﬁpQ?jq + h.c.

1
2

— Y, 1,y

Liriges = X (T857)° + N (2T5275)% + Ny 275275275275
+ N (2T 2T5) T8 % + Ny 27%,78%,27 1

/ / 1/ 1/
%)\, )\1, 2, 1,)\2
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Higgs:
16m% X =27¢" — 144X 4+ 17207 4+ 27X]% + 27\ + 5 257
+4X(n'n) — § (n'n)?,
1672 LA = 401 10497 \) 4 124X, 4 160X, A5 + 160752 + 3907
+ 20 XY 4+ L2 200 Tr(YTY) —10Tr(YTYYTY)
+80A1 [y]* — 160 g[*
2Ny = 2g" — 104g% Ny + 24Xy — 24057 + 4 A5
+200 Tr(Y'Y) +4Tr(Y'YY'Y) + 80); |g)° + 64 |7

LN = 129" — 124g° N + 160AN] + 22 ANy + L12XA AT + 4\1 5

+ 80T + S AGAT + 477 + 2 A5?
+ 10X, Te (YY) 4+ 207 (n'n) + 4077 |g]?
LNy =108g" — 124¢° X5 + 4AN5 + 4A1 A5 + 8A5A5 + 8AT AL + 4L A52
+10A5 Tr(Y'Y) + 2X35 (n'n) + 405 g/
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16m* LY =5(YY'Y + YYTY) + 22 (nn'Y + Yn*nT)
— BTy g + 5 Tr(YTY)Y + 5[5 Y — 526> Y

1602 Ly = (155" g+ L n'n)g— L(n"Y*'n) +5Tr(Y'Y) g —52¢%y
167% L9 =5 (YY) +5]5> n + 20(n'n)n — 105Y n* — 52 ¢°n

Gauge:

d
167T2£g = —314°
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For large t = log 1 can we find an approximate free solution?

Ansatz:
Y = di&g(O,O,Y3,Y4) , N = (070707774)

1672

(92,|Y3‘2|Y4‘27’g‘27’n4‘2> — + (047053705470_570477)

Procedure: solve first for gauge and Yukawa (o, as, a4, &, o)
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solution 1

solution 2

luti
solution 3 16 16

0. 15 — 214 15 + 214 15
116 116 116

solution 4

+2¢52v#15>

1 21
104ar — 1
1 (104 — 1) = =5

Plugging each of these into eqs. for Higgs with ansatz

r =

1
()‘7 )‘/17 ,27 ,1/7)‘,2/) X Z

we find NO solution
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First conclusion:

There seem to be NO UV free solution.

However we could have still a perturbative behaviour till Planck
scale, from the practical point of view it would be the same.

From now on we would like to check this second possibility
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Symmetry breaking |

Take one

78y = ® and one 27y = W

The renormalisable potential is

V((I), \If) = V78((I)) + V27(\D) + Vmix(q), \If)

Vag (@) = —2 Mz, Tr &2 + A\ (Tr ©%)2,
V27(\If) = —M227 \If;k\lfz + m27\11i UJ Pk dz’jk
+ N (UEU2 4 N, dyjp AP OIS TF 4 hc.,
Vinie (@, ) = m/ WroL,0d + N/ (U0 (Tr @2) + N Urdh, o, UF,
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SU(3)c x SU(3)r, x SU(3)g decomposition of irrep 27 of Fjg:

C C
Ug  Usg
C C
dg dj
/c /c
dy  dg

7

(1,3,3) (3,1,3)

e 15 SM fermions of one generation

e 2 right-handed neutrinos per generation - possible nonzero vevs

e vector-like heavy lepton doublet and down-type quark pairs
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We will simplify the analyses by breaking only to LR:
SUB)e x SU(2)L x SUR2)g xU(1)p, (— (v°) =0)
Vevs which preserves LR:

From 27: V5

From 78: a3, b3

Equation of motion:

1
2 [Va* N, + §(a32(9)\’1’ — A) 4+ 032(9N — AL + 2a3b30\Y)

4&32)\1 + 4[)32)\1 + 2 |V2|2 )\/1/

2
g(as — b3) Ay
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Higgs masses |

Mass square at tree level in SU(3)c x SU(2), x SU(2)p x U(1)p—r

must be all positive (minimum) —
constraints on the model parameters

Surprise: some masses are exactly zero, no matter what the input

parameters
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This follows from more symmetry of the potential

V(78) = —(78)% + ((78)%)*

The only quartic invariant is the quadratic squared:

78
(78 = > 7
1=1

(79)%)7 (Z w?)

This means that the real symmetry of the potential is

SO(78)
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Of course the gauge and Yukawa sector have only Fg symmetry

Also some terms in the potential have less symmetry but they do

not contribute to the potential

So we have pseudo-Goldstone bosons
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If 78 alone:

Es 7 50(10) x U(1)

78 — (45+1) =32 (=16 + 16) would-be Goldstones
But in the potential

so(78) 72 so(77)

78>2<77 _ 77>2<76 — 77 massless scalars

So we have

77 — 32 = 45 pseudo Goldstones (the 45-dimensional irrep of
SO(10))
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Our system is 78 4+ 27

(27) breaks more: if we break to LR we remain with

(8,1,1,0) + (1,3,1,0) + (1,1,3,0)

massless LR irreps

These scalars will get mass at 1-loop. The whole issue is:

Are these 1-loop masses square positive or negative?
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This issue is well know in SO(10) with 45-dimensional Higgs. Here
also if you break to SM there remain tree order massless
(8,1,0) + (1,3,0). Only 1-loop give a nonzero contribution

An even more elementary example is SU(3) with octet ¢ and a

Z9 simmetry ¢ — —o¢:

In fact

2

Tr (¢%) oc (Tr (¢7))
Not enough invariants: 3 X 3 traceless matrices have only

Tr (gb2) and T'r (¢3)
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Back to our Eg case

Are the 1-loop masses square of LR (8,1,1,0), (1,3,1,0) (due to
LR same as (1,1, 3,0)) positive?

The contributions are typically complicated, so we start with

simplest cases:

e gauge contribution only: always one mass positive, one negative

mg>0 , m3<0 or mzg<0 , m3>0

e gauge contribution+ Yukawa contribution: both masses square
can be positive, providing a large enough Yukawa contribution.

Since a(Magur) ~ 1/40 one finds that
nl 22

Is this otherwise acceptable?
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RGEs |

We assume that in the above RGEs most of the couplings are
negligible, except one g, a top Yukawa in the 3rd family (not

matching with ) and 7 of the fourth family (we are mostly
interested in the latter):

Y = diag (0,0,y,0)
n = (0,0,0,7)
We assume all quantities are real. The RGEs simplify to

167
167

(15y° — 52¢%) y
(155% + Zn? — 52¢%) g
(55% + 20n* — 52¢°)

3 @|
|

1672
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I
218 1. 1.4 1. 1.1
[ I

log1o(/uy)

We see that with n(Mgyr) = 2 the Landau pole is approx half
order of magnitude above te GUT scale!

To arrive safely to the Planck scale one would need n(Mgyr) ~ 1.

Gauge and Yukawa not enough — Higgs contributions needs to be
included!
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Higgs contribution to PGB mass |

This can be in principle got from Coleman-Weinberg

2 . aQVCW(ﬁb)
Mpap = 8¢%GB

L

2
Vew = g1 3 cami(@)og (")

Cspin0 — L, Cspinl/2 = -2 Cspinl — 3

In fact we used this one for the contributions due to gauge and

Yukawa
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There are various issues with the Higgs contributions:

e presence of pseudo-Goldstones and would-be Goldstones lead

to apparent log (0) terms

e the matrices involved are rather large and usually not

diagonalisable analytically

For this reason it seems more appropriate to use directly Feynman

diagrams (Weinberg). Work in progress
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Conclusions I

e Large representations of Fg lead soon to the Landau pole

e It seems that there are no asymptotically free Eg GUTSs

e There is a possible candidate for a perturbative Eg till the
GUT scale (4 X 27 —1—2_7}7 + Ny X 27y + 78[-])

e to be still checked:

. Higgs contribution to the pseudo-Goldstone masses at

1-loop (should relax the large value of 7)

. complete symmetry breaking (scales, LR— SM)

. SM fermion masses and mixings (tree level charged

Hangzhou ’26

fermions, 1-loop neutrinos)

33



