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Outline

e |Intro / Motivations : Problems & Puzzles of SM
o Neutrino masses & mixings
e Higgs vacuum stability — “A;, -problem”

o Charge quantization, three gauge couplings ...

-> New Physics
® SU(5)xSU(5)' GUT with D2 “parity”
Model, symm. breaking pattern
© |mplications & Phenomenology

o Coupling unification, composite leptons,
o fermion (including neutrino) masses,
o Nucleon stability ...

© Summary



Evidences for New Physics (Beyond SM):
Atmospheric & Solar Neutrino ‘scales’

Am?

atm

e Origin of these scales and mixings?

Unexplained in SM — m, =10 * eV
\ T2
Without New My
: M, ~ —
Physics Mop,

=24-10"%eV"  Am2 =7.9-10"%eV?



global 3 oscillation analysis

Neutrino Data

Parameter Best fit lo range € Fogli et al
sm?/107% eV? (NH or IH) 7.54 7.32 — 7.80 '
sin® #12/10~" (NH or TH) 3.07 2.91 - 3.25
Am?*/107% eV* (NH) 2.43 2.33 — 2.49
Am?/107% eV? (TH) 2.42 2.31 — 2.49
sin® #13 /1072 (NH) 2.41 218 9 AR S
sin?6015/10~2 (TH) 9 44 pa.l-z;.meter 2 best hi_}:i}la
. 105 .\ 7 rQTH-2l
sin2 5‘23.;’1!]_1 (NH) 3 86 Amsz, [107°eV7] T
sin? f33/10~ 1 (IH) 3.99 s 2507018
5/m (NH) tos | Sra T
d/m (IH 1.09 o -
/m (8 sin® @y 0.312F501
o 0'52—1—(;},(;}9
2 —0.07
S 0.52 £ 0.06
Ny 0.013+9-007
Schwetz et al. > sin® 6,5 0 016+8188§
: —0.006
5 (—O-fﬂfgﬁgg) T

(—0.4150%) =



http://arxiv.org/abs/arXiv:1205.5254

Shortcomings of SM: 5
SM Interactions : SU (3)c xSU (2)L xU (1)y [J (8 gluons) + (3+1 EW Bosons)

u B
(a)=2m UG A

7
__ = C
[ej iz €T 2)
%f—J
Fractional U(1)y charges — how @, = —Q. ?

Three gauge couplings: a3, a,, a4

H)

Breaking: SU(3)cxSU(2)Lx U(1)y > SU(3)cxU(1)em

LHC Discovery - M, = 125 GeV
Why/how it is light? —=Gauge Hierarchy Problem




From P. Ramond's talk at ISOUPS-20013 ©

Planck Chimney

triviality

126 GeV My,



V=—m?|H[*+ \H|*
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SM Gauge Couplings’ Running

GeV



SM couplings
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Good idea — New Physics (?)

1018

1 02{}



Some extension of SM is required
Would be nice to have simultaneous resolution
Of these problems.

New physics below ~101° GeV

GUT is still tembtina...

Simplest (minimal) SU(5) GUT do not give all this...
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11
GUT Model — “Twinification”

GGUT = SU(E!) X SU(S)I X DQ

D, - single coupling: g5 =05

Breaking: Gour — Gon = SU(B)e x SU(2)w x U(1)y must happen

Symmetry breaking.

Scalars: H(5,1), ¥(24,1), H'(1,5). X'(1,24)

b ~ (5,5) Dy: @< O
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Symmetry breaking.: 1% stage

Virg = = Mg tr2? + A\ (0r22)* + A X + HT (M} — 1y 3% + hy tr2?) H
Viprsy = —M2 Y + A\ (r27)? + o2 + H' (Mg — X" + hy trz"?) H
Ve = MrS2)(2) + o (HUH 02 + HH 00s?) + h(HTH)(H' HY)

there Is minima with:

<E> — Q’TEDiag (2 2 2 _3 _3) <H> =0 9
Ve

2(30A; + 7))

(=0, (H)=0 .

7

[can be small, non-zero. Open option.. |

SU(5) x SU(5)' x Dy = SU(3) x SU(2) x U(1)xSU(5)
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Scalar spectrum:

With tunning: A7 = 3vs(3hy — 10hs)

M, =0, Mz =>5hws >0, (with hy > 0)

M3z, = M? + h(tr¥?) = M?% + 30hvd > 0

Sym. Breaking channel is justified
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Symmetry breaking. 2% stage

(P) = vy - Diag (z, x, =, 1, 1)
SU(5) x SU(5)" — SU(3) x SU(2) x U(1)

Interesting and viable selection:
r=0, (®)=wv;-Diag(0, 0, 0, 1, 1)

SU(5) x SU(5) — SU(3) x SU(3) x SU(2) x U(1)
1st + 2nd stages -

SU(5) x SU(5)" — SU(3). x SU(2),, x U(1)y x SU(3)’



15

Identification of interactions and
couplings:

SU(5) x SU(5) — SU(3),. x SU(2),, x U(1)y x SU(3)’

SU(3), = SUB) c SUGB), SUB) cSUGBY  — g, =gs

1 | 1

SU(2), = Diag [SU(2) x SU(2)] —atpu=M: — =5+
' / . 1 1 1

U(1)y = Diag|U(1) x U(1)’] —rat p=M;: — =5+
9% 91 95

Glves successful gauge coupling
unification



RG Equations 16

by . Mg

an (Mg) = az' (] N

b, M ba Me
~In —— L s
2!1 1[2 2“ \[I

(’)"gl(ﬂ[(;) — (lt_l(J[Z')

Dus ﬂ--f ;1 by . Mg

(Vo (1[0) — (L[Z) I J[Z N 2 " M;

— [}’;1 (J[j’)

by E\-I ;1 b, Mg

1A — - —
ar (M) = ay' (Myz) — o M, 27 M,

[1’5; ( 1[1)

Unif. Conditions: Oél_l(MG) — gg—l(MG) — @-gl(j\,jg) — @-5—,1(*2\/[@)

>  Can be calculated:  {M;. Mg, ag, as(M;)}



(5') =0 Mcyr = 1013 GeV

A~ 10° GeV M; ~7-10° GeV
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M, < (5') < My (Phenom. Interesting!)
~ TeV
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Spectrum for M; < (X') < Mgyt 19

M, GeV M, GeV M, GeV M, GeV

M| 754100 | MEL | 754101 | Mp | 416 10° | Myp | 3.92 - 10°

M 754104 | M@ | 1.2.10° | My | 18747 | Mw | 9277
“ e-e

MY 12-10° | A | 1851 | Mpp | 825100 || My, | 2My,

MU 1754100 || My, | 1851 | Mpgp | 8250 | My, | 4.16- 108

My | 2.08-10° My |4.95-10"




3 X

Matter Sector

20

SU(5) x SU(5)" Matter:

W(10,1) + F(5,1)] ,

Dy VoW =

U ={q,u" e},
=1{q,u% ¢},

3 x [W'(1,10) + F'(1,5)]

(U, Fz F = (F)

F={l,d)

F' = {l,d°} < Extra Matter
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SU(3). x SU(2), x U(l)y x SU(3)" Transformations:

1 _ 4 O
~ (3.2, —— 1) . u"~(3.1.—.1). (1.1 —m— 1
q(_\@)_ ("\/m)” (..\@_)
3 _ 2
[ ~(1.2. ——. 1 d°~ (3.1 —. 1
( W ) ( 50 )
(" (1,2 ! ?’) (1,1 1 3') (1.1 6 1)\
~ Ly T, e (7 . —_——, e~ L.
! /60 /60 /60
i~ (12— 2 1) B (11,23
\_ Y,

Non-trivial under SM..



E}_E:C

n=>0

()
DAY

,&fEZOM,(

n=>0

Emsr = /\prF‘(I)F‘JF + /\prFI(I)TF -+

)

Yukawa Couplings

Ly + Ly + ﬁ?m

@@H+§:0
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)@@H”+§:C
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) UFHT + h.c.

)

(j[*) V'F'H + h.c

/\ LAV

O
M
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Quark Masses

Ly — ¢"Yyuh + ¢ Ypd°ht + etY el ht + hoc. + - -

) 300“9\“\9
@)
“ et mir _, i M1+ LM cccé® + hc.

SM Leptons can emerge as
composites...



Composite Leptons 24

e SU(3)’ confines at A’ scale.
SU(3)’ color-less B’-baryons & M’ mesons formed

o [ & & do not participate in confinment
e Chiral QCD’ [SU(2)xU(1) unbroken]

e t' Hooft anomaly matching

- B’ baryons must have same anomalies as ¢, ©“ and de
i.e. local/global anomalies.



Charged Lepton Yukawas 2>

Can be generated within the model
(without extension!):

oy )

THI 1 (A A) (A l) 1)3 i l
““““ a9(ql)~
(My,,)? My, )% "
q
1€
------- N 1 (ﬁCéC) (ﬁcac) - (A’)B écec0
(My,,,)? (My,,,)?
ac



Charged Lepton Yukawas

B YpeSht + hee.

26
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Neutrino Masses/couplings 2
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Scenarios: a) Dirac Neutr. (with sterile)
b) Majorana (with see-saw)
c) Hybrid - a)+b)



Nucleon Stability

MGUTNS : 1011 GeV,
but nucleon stability can be achieved.

28

Free

parameters

al
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Nression



B-violating d=6 operators *

2 2
e’ g %) (77e prcy e) _ 9 €)(77c g
O’ = 3 Cos @@ ds) . Off) = TECHT )T 57"e0)

2
v) _ 99X ») P
O = 7 Caty (@) (@ 5" 1,)
X

cle) = Ui (RPVorar)as + UPTVera)18(R)m

(8

C\) =UnLso . CV = UPVerar)iaLs, -

afy
* - g . T rx T 1 ATk T~ 1 *
Definitions: Rl L, =U, RdﬁuLezﬁ, Rir——L, =R
ll AC

eCe

We can use freedom in#, £, 2
to suppress nucleon decay..



Ex.: Selection: 30

€1 €2 €3 0 X X
U, =0, L= x X x|, R=1]10 x X
X X X X X X

VIl + el +lel? £ 48-107%  (UPVerar)in =0

> Weget: T (p - vKT)$5.9-10% yrs.

More natural:  |Det(R)| < 1072 |Det(L£)| z 107°

+ Yukawa sector )
constaint->: Ve + les? + ,’_‘6,3’2 2 V3-107°

> Weget: 7(p S OK ) . 1034 yIS.
Testable In a future...
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Other operators (iInduced by Ty):

ﬁ(qTquq) (QTqul)

H

. (uc ucecec)(uccuchdc)

ME
Mi%H (QTCQQQ) (QTquMLﬁMO)
i (0 Cucer gt— " 6) (u Curaed)

Can be also adequately suppressed
(due to many free couplings)
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Some other constraints /7 implications

Compositeness—>

Contribution to anom. magn. Moments
(Barbieri, Maiani’1980
Brodsky, Drell, 1950)

Aay/ag~ (%)2 - A’ > ~TeV

Y

fL{ - fr
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LFV Rare Decays: u-> ey

| 4

1\2
(1,2)~m; <—,> A1z
#{ } © !

Very model dependent -
no real constraint on A’ (if A,,>0)



Higgs Vacuum Stability - 34

'A;, -problem’
Within SM (1-loop):

d ( 3 3
1677 A = 12X + 1207 — 1207 = SX(3g3 + 07) + - (202 + (63 + 9)%)

5 d 9 . l.‘ 5 9 5

i

Within presented GUT, new physics around ~ few TeV



Higgs Vacuum Stability -
‘A, -problem’
New guartic interactions:

- )\chIm /\QH{IJ
Vig = HTH)(dTD OTHY(DHT

35

lﬁﬂgf)\h = 12X\ + 120,07 — 120} + 6(A i) + 12(Xaga)® + - -

d

Can easily solve the problem.

Complete & detailed study is
required..



Summary 36
e SU(5)xSU(5)' GUT - “Twinification™ was presented

@ Obtained:

Realistic GUT model with interesting implications:

o Successful gauge coupling unification,
o composite leptons & sterile/RH neutrinos
o fermion (including neutrino) masses,

o Nucleon stability

Higgs vacuum stability
and collider signatures

- need further studies

Thank You



Backup:  Compositeness & Anomaly matching >

Chiral sym. of SU(3)’ sector:
G = SU(6), x SU6)r x U(1)pr

5 A9 1 ~c ~c e 1
(o = (u:d)o: ~ (6L7 :g) ) d, = (u?d)a ™ (1?63? _g)

Condenstates:

(606.T),)) = (adTT,) ~ N, (6g6pTw) = (4°dTy) ~ N

- Induce breaking:

SU(6), — SU(4);, x SU(2), = G\, SU(6)r — SU(4)p x SU(2), = GY?



6, = (4,1), + (1,2)1

(4. 1)pr C [(4.1)LR])

(1,2").r C[(1,2)r.R]

= -

Composites:

/ 1 9o = 3 |lepton families +3
(4 ).r and (1,21 r RHN/sterile neutrinos

& All anomalies match (i.e. initial and composite
states have same anomalies)

38
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