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Gauge couplings in the standard model
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SM + 3 vectorlike famihies
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Is this a threshold effect?



SM + 3 vectorlike famihies at 10 TeV

PRI EIES b B L Tt AT P TN T # K Pt S OV S I I v e SV st NS g

el

SM+3VF SM+3VF

2 4 6 8 10 12 14 16

logio Q [GeV] logio O [GeV]

Exp. values of gauge couplings reproduced within 8%

the only relevant parameters are M and My,
(the best fit: gauge couplings within 6%)



Predictions and Sensitivity
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Predictions and Sensitivity
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Realistic example
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Many possible solutions!



Classifying solutions - mass rules
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Classifying solutions - mass rules
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Top Yukawa and Higgs quartic couplmgs
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(different textures for fermion masses compared to usual GUTS)

O Electroweak minimum is stable!



What else are extra VFs good for?
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Muon g-2

P ELTRE A B Tt AL Prma S A A s S S I I v e Ve st e s B PN 11 0 o s i DS b s TN
K. Kannike, M. Raidal, D.M. Straub and A. Strumia, 1111.2551 [hep-ph]
R.D. and A. Raval, 1305.3522 [hep-ph]

- '_E_LiyijBRjH = ELE}«EEERH = EL}«?ERjH e AELERH — ;HTELLR
'—MLELLR = MEELEH -+ h.C., /yﬁﬂ 0 }a‘iE'U (Eﬂj\
(EL-:',ELEL) )\f*ﬂ M; Mv Ly
\ 0 jﬂ.} ﬂffg \ER/

I:SEIE _ - ——— {(Q‘i -+ gﬂﬁ)m;:FZ(l) -+ ngRmfGE(I)} i = {m;/MZ)”



Interesting insight can be obtained by integrating out vectorlike
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Random scan:
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The dependence originates from the G functions:
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A<05, A=0, My, Mg < 1000 GeV
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UV completion with 3VFs
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All the features of insensitive unification, including the stability of
the EW minimum of the Higgs potential, with Yukawa couplings of
the size needed for the explanation of the muon g-2 anomaly:

0.30 1.0
A
025 08 ‘
0.20 -
m =~ 06 1
~ 0.15 |2 —_—
= 204
0.10 ~
0.05 0.2 A
0.00 0.0
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
log)o O [GeV] logio O [GeV]

ML: — ME1 = 150 GeV



Allowing larger Yukawa couplings
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Examples of constraints from LHC:
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Conclusions
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{ 3 (or more) pairs of vectorlike families allow for insensitive
unification of gauge couplings
predictive

¢ resurrects simple non-supersymmetric GUTSs (proton decay)

the GUT scale is adjustable and could be
identified with the string or Planck scale

{ the electroweak minimum is stable all the way to the GUT scale

¢{> some of the extra fermions might be within the reach of the LHC

and modify phenomenology of the SM:
small flavor violation from mixing through
Yukawa couplings, contributions in loops, ...
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