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!The following is an underestimate, as there could also be tuning within uﬁv , which would
imply the UV completion to appear at an even lower scale.
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We assume in our analysis that the running of the gauge coupling itself is negligible in
the region of interest.



0ol 0000ooD 000 dootoo 0o

»)

0.0

5000 10000 15000 20000
p1GeV]

Figure 2.4: 0000000 00 000 000 DODCOO 000000 00 000 0010000 V(1) Dobobooo Omo
Y. =Yg =213, = 2.5 000 0 O0O00 00 000 000 00000 DOoC0 00 M o= 2.5 0000

00000I000ooD boitdioo booubdibone boo bot Lo 000 Ui boltoo Lo good
00000 DOfboD 00O 0ohooooooo oot 00o0 5% 0000oo 0rboo oob 0 booooo Cooooo
0ooio ot

Anp = 7.5000, 0000w

U 0000000000 0000ooboo [0 f0OO00obo 0t 0o fooooo o boo Dot Dooboo bog Uitooo
00oooo 000 oo

0oood - 0iJooi0 00oioobooibo dooboobd

10 000 DOoiboot U 00 Doooooo botooo booo ooo tUoooo too 0oo0ooo oo 0oo oo
0000000 000 0000o0eo biobOo0oo oo booo 000 bod 000oiome brooo 00 Ioboo
(0000000 000 00U boboioU 4ore 0o 0botiit oo Joooo bobooooioo bo foo Oinoo
Q0000 O 000 bOo0toooo 0o 00U Oiootoooo Obcoobo oomoo 0Ood Lo bodooono Comoo
0000000000 0ooih 0hOoooo Do 10000t 0ooiht Omhobod 00oCoito . Oooioonn lettle 00000
00000 Oooomone

U (1) 0000000000 0o 000 00O 000 0000000iboo 00 0oo Dooiboooo 0ooomomooo o
0000000 000000000000 (000 000000000 00000 00000000 000000 00000000000 000
(000 0000000rooool 0oo 0o oo 0ooboo Cofiodoooob oo 0o4o oo 000 booooodioooo
000 00 jooo 0ot 0oo Oomiooooo 0-d boboooooobt Doo0O0ooo 0o oot oo oOoood
(00000o00D 0o DOD 0o 000 Oobooboiobor bobhoooioo 0ot 0d »iorooro O fioedo
000000 0oODOoom vel B — L 10 0000 0DOOOO0C 0000 000 0OO0 00 000 Coboooooo
000000 00 0o 00C0ooo b boboo 0oboo 0000 Oo 2.5 Oodd

(B —L)3 Scenario [O0CIOC 0000 000 00000 DOBDOOOIOE 0O (B — L) 0oomoo
(000000000 0CO00oOiooe 00 O boiooooor B — L 00000 0ohdiod obd boo tooo goiho
0000000000 000 0000 0000 0000000 00000 00 Mx/gx > 18 000 (000 000 000000
00000 X, 0000000 00 O 000000 0000 0000000 00 000 00000 00000000000

1 _ 1
L CgA Xy tyMt+dyMd —3tyHt — 3ueyHye . 000000



00 00 A Radiative Top Yukawa

00 0000 Oooioo0 100000 00 000 boooioor Go 0o 0o 0ood boo boooo boboroo
00 (0000 D0 DOC00ooooo 00ib 0oooooo Co 000 Dooojnodooo 00 bbootoobotnd 4d
000 0000 000 DO0DOD000oo O 0o 00 r(X)/Mx - 50%0 000 00 000 00000
(0000 100000 0booooo 0o Doo obooo booou 0o ootoboo o buoOoodooo oo booooog
000 0iood 0o

<) _ 2,

Mx %
(O000I00 © D000 D gx < 0.89 00 000 D000OOr 0Ooo hob 0ooboo o bolo toboong
00 O 0000 000000 o.74 00 10 OO 000 0000 O 0000 00000 0otodo o.77 00 000 ooao
o ]D%DDDDDD]D 00000 000 (Oi00oooo 0o oo 0boOomo oot U (1) Coooodiot ooo
000 oot

000ood

Purely Top-philic Setup 000 000000000 00000 00000 OO0 000000000 OO0 000000
100 00000000000 00000 DOOONOO0 00 00000000 00 DOO0I0O000 O 000000 000000000
000000

L Cost X, (tyHt). Ay

000 000000 00000Ion 04 toO0inooo 4boio oo ODLoo botoboo oo too Omooo
00 000 00Ooooo 000oo o ooooood

FX) _ 2

= — 0o0ooo
Mx 8m X

000000 CODOmooo 0o 00oooooo gk - 2.5 0O0Ooooot 0OoO0o O 0booo tbooo dooio
0000 000 0 0ooOoooiod 0o 0oC 000 000000 00 ye = 0.55 OO 00 OoOr 0ooe boio O
I

Third Generation non-Abelian Models [0 000 0000 00 000000000 0002
8 8 A 5 W A W[
Qoo (0 OO0 0Ot 000 000 Dooooooidd Od booooodboooo jootoooo oo
0000000 DOOO00 000 000 SU(2)s OO0OC DOCOO DOCOIOOC O 0000 00bO0mo ooo
U0000000oo ooo 0oo ZE 0ooooo

L CgA/2Z{bry"br — trRY"tr + TRY* TR — VRYMVR). 0ooooa

00000 o 0ot o Wﬂ I T A D
000 00000000000 Doooo 0ob boob boboo 0ooboo U biooo oo

ry_rwj_ 1

2
=~ g3, 000000
Mzo  Myo  12n°R

00000 000000 gr < 4.30 000 100000 00 0000 0 00000 00 000 0000100 07 000 000
000000 000 00 0000000 00 000000000000 B(N)@3, — 20 10 001 {0000 00000 000
0000010000 000000 1/2 00000 0000 0000000 000 0000 0000 0010 000 00000000000 000

2@Gauging multiple (B — L)3 symmetries cannot improve the situation due to perturbative
unitarity bounds on scattering cross sections that would be enhanced by multiplicity factors.
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!This will give the wrong Weinberg angle sin® 8y, = 3/4, resulting in a Z boson mass twice
the W boson mass. This can be solved by either adding an extra U(1)x in the bulk and
identifying the hypercharge with a linear combination of Tg + Tx or using brane localized

gauge kinetic terms [144].
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2In models of gauge-Higgs grand unification this creates the problem that the gluons and
hypercharge bosons couple with identical strength as the weak bosons, although this can be
easily solved by using brane-localized field strengths on the UV brane to lift the degeneracy.

3We work in a basis where the bulk is diagonal in flavor and the sole source of flavor mixing
are the brane masses, see .



0o 00 Minimal Gauge-Higgs Grand Unification

00 00O00000It0o oo 000 boot CDOo Doooooidbooon Co 0oo 0o boo booooo d
00000 000 000 0000t boooioo 0000 DO OO 00000 oot 0o ooo 4oiodh booeo

1
Suv =— [*xMgWe;(z =R)¥g, (z =R)
M, Mg R -
(=1 055" 5 F(—c20)f(C15)Er 0EL 0
—  ROR
=—  [O*mgEgroEL o, 000000

00000 0o 00000 000 0ooootioo 00 Omoo Dooo foo 000 boooie 0t mel DO00000000
(0000 00 OOoU 0 00 I0o0moot We, 000 We, 00000 cpo < —0.5 000 c45 > 0.500
000 0000000 Or ooo 0bdioot 0o 0o 0o 0oooo 0 fitCoboode boo 0ooo oot oo
00000 D000 0 10000 000 0oo 00 Doobt Oooo oot boo bbooo oot oo 0 Do
00000 O0i0o 0o 1/R 000 000000000 ood 0oo ibOpotooto 0obbodoooiebar 0o ooo
000000 00 000D boofoooo boo Lo bhoooooo Lo 0o 0eo booo oo boo 0ooo boooooood
(0 00000 00 thooooooo boo oot b0t Lot 0oo booo 0o bbobooooioo booooodoeo

00 000 o000
mg #, C15 > 0.5, cyp<-—-05

g, R _
mg Iﬁ%(ﬁaczo C15, Ci5 < 051 C20 = _051 oooad

000 Diooo Q000 fiboiboobot Loomo bob 0itooo booio 0oo bLoooio 0oo 00 Dootioo
0000 [00 c15 [egh OO0 D0O00O00D 00 00000 tJonooo

gooog - 000 0idodd 000

(00 00000 000000 00 DO0 U0 bopooo 0o boo 0oioob 0obobbot o 00D 0obodo booogoo
0000 00 0o boo bo0dioo Oooooo 0oooo iod me OB OO0 000 000 DID0DooO 0o
000 00000 me T3 OO0 000 000 D000 © Oinoooboboo 07 oob0ooo oo 0ooo0o 0o oo
U000 0 000000 00oomoool 000 0000t 0ooDOoo 0hoU tboobooo Oooo Iooimomoo
000 DO0DO00I0000 00000 Oooooo boo 0o I0ooe tOoooooo Dot 0obooe LU »Oooonodoe ooioa
000 00000000 »OOool »0oo 0ioboobo bOdoo boob 0iobboobooon Oobodo tooomooo boo
0000000000 000O0om o 0o oot OopobOboo oo boo o 0 OO 0dOboooet oo oo od
000 0000 000 Do 00000 Omooooodoooo
(000000 0000 0o 000 00000 000ooo bodoo 0oood 0o 0boidot 0oooo »dioooo oo
000 00000 000000 O bUoodooooiob Oo ot 0D O000ie 0oL o 0ov lobooo oobooo
00 000 0OJ0O0 Oboooo 0oo booolooo 0ooooo oo fOoo boooooo oo 0ob 0o-d obooo
000 000000 Ooobot Oloftooonoon
1 11 1
V d| |Vus| |Vub| 1 A 7\3
Vekum | Vesl Vel b 000000
[Vial  [Vis]  [Vuol ABOA 1



0ol 00000 0ooooidioot 0oty 0oiooooog 0o

0000 A = 0.23 000 CJOM00000I0 00000000l 0o 0COooooo 000 bOO0 Ooooe 0ooo
000 0CO000D 0OC foChotoon fooooootono

1
0.82 0.55 0.15

Vpans A7 058 0.71 A Amia
0.40 059 0.69

00000 00 0000 D00 0000000 000000 0000 (0000

00 00 0JOot 00040 boot Ooooo 0ooot biooooioto too 0ooo O GO0 Moo Lo boo
Oiif00o0Ioo 000000 00COIooo 0oooooo 000 0oboo boo 0bo00000omne oot
00 000 1000000000 0o 060 oodiobo 0otobot Do0 0Cooo DCOoond f(c)! Omoio
01000000 DO00oo 0oO boob 00 boooiooo Lo hoDoomdoto Dot ibod 000oobooo o ooo
000 00 bod 0oooioe 0ot boouoboot 0oo 0o i0Ooomooo 0ood o Doo boo oo o
000 00DOO0 0ooo O 0Oibootodoool 0040 gooto bt oo 0ooCUbobooe o oot o
000000 O00o0 COOioooo 0ot CoiobomOo 0o 0bo Cooon 0o 0o Qb foboooo
0000000 000 Dobdioot booohodio boooooooo oo coo QLo oo 0o Looioooooo gom
(0 O 0000000000 0ooooioo! 00o00a0 bt 0Doooroion 0oo 00000 boooooo Doo ootoog
000000 00 000000 booo 0oitoOodon 0oo 0o 0oo bombob Oooon oo 0o 0o toooooo
00 0000000 000 00000 0ob booooooiob too OO0 Oooooc

(10 000000000 0oooo Oooo 000 00000 Dooooo too Ooioo 0o 000 000 Jomooooo
0000 CJOooidoo 0o 000 boar

— t
M, = Zg&'%fclsmq o

My = %‘%fmm; R OO0

000 0o00oDoooo o0 boo 00O C0Looo 0booo iod Lot Oooooooooo: boltoooeo
0000 000 CooO0mhCot Coobobomoonoo oo oo 0O0oo Oooo Ooboooo Oor loooood
00000000 C0000000 0000 00000000 00000000000 JOO0[0 000 000 (0000000000 0000
000000 0OD [ODoCoooD 0o 0oo 000 I0rodioo Oioototoooo

—1 —1
1 f(c15,1) f(ci5,1)
= N f(c15,2) ;ggls,sg
(15,1 15,2
ULg ﬁ@ 1 Fe1os) 0ooooo
T(C15,1) f(C15,2) 1

f(c15,3) f(c15,3)

0JI00 000 00ooooo Doootoo 0o 000 Ioinobouood Lo bobooo 0oioo booinotoo Dbooo
00 000000 Doo boio Dboooo oo foo 15 0000 oo 0-0 Iomoooco bo0oooooo Ooo
(0iomoo

f(C151)/F(Cis2) A F(C152)/F(C1s3) AL, F(C15,1)/F(Cas3) AT, 000000

000 d0ooIooU0oD 000omoo Doooiooo [0 booo 0oo 00 000 boo 00O 0ooooo Ooo oooooo
[00J0000 00000000000 00 000 DOO 000000 0000 0100 (O00)[00p0 000 000 0od00o
00000 D00 010000 boboooo 0o boo 0io0boood Dooboot Uhoott0 Vekwm = UE,UUL,d[
(000 0000 Dobooomo 0hoo booo boooo Oiohooooooon



0o 00 Minimal Gauge-Higgs Grand Unification

000 000000moo oo 000 0O Oo000 Oibtootoit Doooo bo Dooooioo oltodooo oo
0000o0oooo toboooo 0o bot 0D 00D Looooon oo bot OioCoooo Cono botoooo goo
(0000 000 J0oo [oooo 0D 00 0Dobooo 0o 00 [000Ioboon oo 0000 0oo 15 0ooooo
000 10002000000 00000 0boomo 0o 000 0ot booooooiot 000 0od 20 0000ito bog
(00000000000 Dot Uoboor 000 1500 0otito 0o oot boo booiootioot Ui booo
000000t 0o 04 [obooooo Lo booooo 0o too 0ooot boo bbobioboo oo D
000 00000000 [000oboonn hoo boo 20 00U e OO0 0oob Uooo 0o Uooodioo ooo
0000 Ooo0ooo 00 000 OJ0000oot 04 booot O00ooo boooonoo 0o oo Jomogdo
(00 000O000OoOoD OO 0oo fooomootioao

me F(=C2p2) My f(—C20,1)
my f(—C203)" m¢ T(—C203)

my I:f%(_cﬁ'?’), ms mf(—ce,z), Mg 5 F(=Cs1) ’ Saiam

M —C20.3) Mt F(—C23) mt T(—C20,3)
[0 000000000 000 00O 0bodtooibrooon to Coobho 0O bCooom oo 0boboooioo oooo
000 OO0 QOQooo boo 0oh oot foooooooooo fooe for 0boooodh U Looboo Conoo
U0 D00 OO0 00 00000 00 o 000 boooob 0o t»Obooo 0o boo 0hoodo booooo ooo

(0 0000IhoIto 0ot 000 Doooior OO0 oot Lo 0o boo 0oo0oood boboioooooo
(000000 0O 000 boooo 0boo oo boooo 0o

Mee = Zgg%f_ceMd/,fcls. 000000

[0 0000 0 0000000000 0000000 000 0000000 100000 000 000000000 00000 000
0000000 100000000 00 000 00000 SU(5) 00 0000 00000000 000 00000 00000000
00 000 OO 00000 00 00000 Ggy 000 0000 000 00 0000 00 0000 000 0000000000
00 (0000000000 SV (5)000000000 0000000 O Do0ioo 00000000 00 00000000000 00
00000 00000 00 000 OO 00000 000 000 00 0000000 1§, 00000000 00 000 6 00
0IO000000000 000000000 KI
I:I i
Skinuv = I*XIiKRIG0HA1&] =R 000000

000 00000 00000000 cood Do 0ooo boo Uo0domobooo oo oo bidoboo 0doo fooo

Kig, =1+ F_;MgnF-2. M}, Fc,

—C15

-1+ KRFE (2 =R) + My, Mg F—ce

—C15

=1+ (—20—6 — DK + F_esMgn 2. M] F, 000000
00000 000 0000000000000 00 000 000000 Q00 00100 000 000000000 10000000
010 ¢ < —0.5% 00 000 10000000 000000 000 0 00 0000000 DO000i0 00 00000
000 0000000000 0000000 000 0000000 000000 000 000000000 00000 000 000000

4For IR localized fermions, unsurprisingly, the effect of a UV kinetic term is negligible.
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'For simplicity we omit the U(1)y gauge group which gauges the linear combination Y =
T2 +B/2
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This is a potential resolution to the hierarchy problem akin in
spirit to ideas of strongly coupled gauge theories which generate
the low scale through an exponential times a fundamental high
energy scale.
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Mirror Fermions: The quadratic contribution of a chiral fermion,
Y, to the pNGB potential of a coset G/H can be cancelled, at the
price of a new massless conjugate fermion which we call the mirror
fermion, QY if the fermion (Y talks to a composite operator trans-
forming under a representation R of the group G
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21f the chiral partner does talk to the composite sector there will be a new type of Feynman
diagram connecting LH to RH spurions since the vector-like mass can provide a flipping of
chirality whose overall contributions goes as mg/m—which could still be quite suppressed.
However, there will be new quadratic contributions from the chiral partner of the exotic that
remain uncancelled, defeating the whole mechanism.
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3The mass of the singlet for the non-custodial coset SU(6)/SU(5) can be easily lifted by
breaking this symmetry for example with a Majorana neutrino sector.
“Gauge bosons always tend to stabilize the potential \\
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5The first and second generation can be modelled in a similar fashion, however due to their
small interaction strength with the composite sector, their contribution to the potential is less
problematic.
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SHowever such a global baryon number is not protected from higher dimensional operators
suppressed by merely the compositeness scale M It therefore becomes necessary to gauge

the baryon number, see [166,[311].
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"Radiative corrections to Dirac masses are proportional to its tree level value due to chiral
symmetry and thus technically natural.
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Mon dessin ne représentait pas un chapeau. Il représentait un serpent boa
qui digérait un éléphant.

J’ai alors dessiné Uintérieur du serpent boa, afin que les grandes personnes
puissent comprendre.
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2If the charge Qe = 2/3, then Sr will become a singlet and the argument fails. However,
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will still be generated
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