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Motivation - Just the Standard Model?

SM

SU(3

u

Ve x SU(2) x U(1)y

I N ames

Content

|

o= M

Quarks and Leptons

TR f 3 PR
- /e

A X # *'I.. | EII|” R | (3,2,1/3)
14 5 14 ) |I|'!- |:§_1I _".iu"ll'li]l
o ;  Ea b (3,1, 2/3)

r.-'{. r"’]'.l ?_.I'.I. "
L, ! j [ ! ) 3 ) (1, 2;=1j
= e ¥ T (1,1, 2)

Higgs H

o F T

(zauge bosons

gluon
YW bosons

B boszon

(8,1,0)
(1, 3,0)
{(1,1,0)

Degrassi et al, arXiv:1205.6497

Higgs quartic coapling Al u)

Top mass M, m GeV

010

(DS -

M, m 125 Ge¥
1 hands in
M, = 1731 + 0.7 Ge¥

™

| a,(Mz) = 0.1 184 £ 0.0007
0.04
00z -
I - M= 171 0 GeY
000 R bl S |
M =0 1205
0oz

- . _ (M) = 01163

M, = 1753 GeV

-+
1

-

-0 .

wF ¢ et w* 100 102 et 10 B

RGE scale u in Ge¥

200 Instability

K3

150 gl-sa:w'*‘"“'h'l
et
100) Stabality

S0

IJI-.||rI‘|-r‘|

0 Al 100) | 30

[y e
I

200

Higgs mass M, in GeV



Motivation - Just the Standard Model?
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Outline

Extensions of the SM by complete vector-like families:

¢ gauge coupling unification
couplings at the EW scale are highly insensitive to fundamental parameters,
their ratios are understood from the particle content,
GUT scale can be identified with string/Planck scale

{ top Yukawa can be understood from closeness to the IR f.p.

O the electroweak minimum is stable
Higgs quartic coupling remains positive all the way to GUT scale,
the EW scale value less sensitive to boundary conditions

Possible phenomenological consequences:

O muon g-2
O h— pp
O h—yy
O h— ZZ*



Insensitive Unification of Gauge Couplings




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



Gauge couplings in the SM + 3VFs

gauge couplings understood from:
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Gauge couplings in the SM + 3VFs

b; = (41/10, —19/6, —7) b;

(121/10, 29/6, +1)

8 10
logo Q [GeV]

. : b . Mg |
gauge couplings understood|from: a; (Mg) = 5 In 1% +a)! (M)

O IR fixed point predictions|(two parameter free predictions)
l |
O threshold effects from masses of VFs




Rmes OfMG , and MY’F’

o = 0.3 (for larger values results almost identical)
s .

+10%

-10%

log o Myr |GeV]
~

® the best fit
(all three couplings within 6%)

~in a large range of parameters!

14 15 16 17 | ISJ s oy s 0/ ¢ .
N R And within 50% in basically the
whole range!

measured value of a,(M,)

. Gauge couplings at M, within 10%



Realistic example
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Classitying solutions - mass rules
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Classitying solutions - mass rules

To get gauge coupling unification,
weighted sum of logs of masses of
particles charged under given
symmetry must be as if all particles
had the mass equal to the crossing
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Top Yukawa and Higgs quartic couplings
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O top Yukawa can be understood from closeness to the IR f.p.
(ditferent textures for fermion masses compared to usual GUTs)

O the electroweak minimum is stable

Higgs quartic coupling remains positive all the way to GUT scale,
the EW scale value less sensitive to boundary conditions



Muon g-2 and Higgs decays




Muon g-2

K. Kannike, M. Raidal, D.M. Straub and A. Strumia, 1111.2551 [hep-ph]
R.D. and A. Raval, 1305.3522 [hep-ph]
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Interesting insight can be obtained by integrating out vectorlike

leptons: _ _ _ _ -
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Random scan:
R.D. and A. Raval, 1305.3522 [hep-ph]
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h - pp
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UV completion with 3VFs

All the features of insensitive unification, including the stability of the EW
minimum of the Higgs potential are preserved even with extra Yukawa
couplings needed for the explanation of the muon g-2 anomaly:
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Allowing larger Yukawa couplings
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Conclusions

¢ 3 (or more) pairs of vectorlike families allow for insensitive

unification of gauge couplings
predictive

¢ resurrects simple non-supersymmetric GUTs (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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