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The World Largest Deserts

Deserts take up about one third (1/3) of the Earth's land surface

http://en.wikipedia.org/wiki/Desert
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Georgi-Glashow Model--SU(5)

Vorusme 32, NUMBER 8

PHYSICAL REVIEW LETTERS
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Unity of All Elementary-Particle Forces

Howard Georgi* and S. L. Glashow
Lvman Labovatory of Physics, Havvard Universily, Cambridge, Massachusetls 02138
(Received 10 January 1974)

Strong, electromagnetic, and weak forces are conjectured to arise from a single funda-
mental interaction based on the gauge group SU(5).

We present a series of hypotheses and spec-
ulations leading inescapably to the conclusion
that SU(5) is the gauge group of the world—that
all elementary particle forces (strong, weak,
and electromagnetic) are different manifestations
of the same fundamental interaction involving a
single coupling strength, the fine-structure con-
stant. Our hypotheses may be wrong and our
speculations idle, but the uniqueness and sim-
plicity of our scheme are reasons enough that it
be taken seriously.

Our starting point is the assumption that weak
and electrvomagnetic forces ave medialed by the
vectoy bosons of a gauge-invayviant theovy wilh
spontaneous svmmelyry breaking., A model de-
scribing the interactions of leptons using the
gauge group SU(2) ® U(1) was first proposed by
Glashow, and was improved by Weinberg and
Salam who incorporated spontaneous symmetry
breaking." This scheme can also describe had-

of the GIM mechanism with the notion of colored
quarks® keeps the successes of the quark model
and gives an important bonus: Lepton and hadron
anomalies cancel so that the theory of weak and
electromagnetic interactions is renormalizable.”

The next step is to include strong interactions.
We assume that strong intevactions ave medialed
by an octet of neuival vector gauge gluons as-
sociated with local color SU(3) symmetry, and
that there are no fundamental strongly interact-
ing scalar-meson fields." This insures that
parity and hypercharge are conserved to order
@,” and does not lead to any new anomalies, so
that the theory remains renormalizable, The
strongest binding forces are in color singlet
states which may explain why observed hadrons
lie in gqq and gg configurations.® And, it gives
another important bonus: Since the strong inter-
actions are associated with a non-Abelian theory,
they may be asymptotically free.”




Running of the gauge couplings in the SM

Hierarchy of Interactions in Unified Gauge Theories*

H. Georgi,T H. R. Quinn, and S. Weinberg
Lyman Labovatory of Physics, Havvard Universily, Cambridge, Massachusetts 02138
(Received 15 May 1974)

We present a general formalism for calculating the renormalization effects which make
strong interactions strong in simple gauge theories of strong, electromagnetic, and weak
interactions. In an SU(5) model the superheavy gauge bosons arising in the spontaneous
breakdown to observed interactions have mass perhaps as large as 10!7 GeV, almost the
Planck mass. Mixing-angle predictions are substantially modified.

The scaling observed in deep inelastic electron
scattering suggests that what are usually called
the strong interactions are not so strong at high
energies. Asymptotically free gauge theories of
the strong interactions' provide a possible ex-
planation: The gluon coupling constant gfu) (de-
fined as the value of a three-gluon or gluon-fer-
mion-fermion vertex with momenta character-
ized by a mass j) is small when u is several
GeV or larger, but becomes large when u is
small, through the piling up of the logarithms en-
countered in perturbation theory. In one recent
calculation® a fit was found for a gauge coupling
[in a color SU(3) model P with g%(u)/47 = 0.1 when
=2 GeV.

electromagnetic® interactions. In order to sup-
press unobserved interactions, Georgi and Gla-
show made the necessary assumption” that some
vector bosons are superheavy.

We find the notion of a simple gauge group unit-
ing strong, weak, and electromagnetic interac-
tions extraordinarily attractive. However, as
emphasized by Georgi and Glashow, the success
of any such scheme hinges on an understanding
of the effects which produce the obvious disparity
in strength between the strong and the weak and
electromagnetic interactions at ordinary ener-
gies. We therefore wish to present in this paper
a general formalism for the calculation of such
effects. This will lead us to an estimate of the
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PHYSICAL REVIEW D VOLUME 24. NUMBER 6 15 SEPTEMBER 1981
P. Nath, P. Fileviez Pérez / Physics Reports 441 (2007) 191-317

Evolution in the Minimal Supersymmetric Standard Model
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Appare‘nt[y successIiul gauge tneories o1 e VUDULL DYSLEIIL WINCH DIEARS DU\&L) A U(l) symmetry
strong, electromagnetic, and weak interactions at ~10% GeV have such a small mass parameter ?
have suggested that all these interactions are Ordinarily mass parameters for scalar fields
manifestations of a larger, encompassing gauge violate no symmetries and their smallness can-
symmetry softly broken at a large mass scale. not be explained on symmetry grounds. In super-
Models realizing this idea have been constructed symmetric theories, where there are symmetry
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Experimental Results

- Proton Decay:
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- Neutrino Oscillations: AL, #0,AL, #0,AL; #0

Cosmology

Baryon Asymmetry:

t> AB # 0

Sakharov’s Condition, 1967

np —Ng B I

Ny
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Living without the Great Desert
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B and L as Local Symmetries

Abraham Pais, 1973 (B as a Local Symmetry)

S. Rajpoot, 1987; Foot, Joshi, Lew, 1989

Carone, Murayama, 1995

Breaking Local Baryon and Lepton Numbers at the TeV Scale (NO Desert !!)
P. F. P.,, M.B. Wise, 2010

P. F. P, M. B. Wise, JHEP 1108(2011) 068

M. Duerr, P. F. P., M. B. Wise, arXiv:1304.0576 (Phys. Rev. Lett. 2013)




P.F. P, M. B. Wise, PRD82 (2010)011901; JHEP1108(2011)068

Breaking B and L at the TeV scale !

I SUBe®SUERLeUL)yeU1)paU(1l)L

where: U(l)B and U(l)L can be broken at the TeV Scale !

QL ~ (3,2,1/6, 1/3,0), UR (3,1,2/3, 1/3,0), dR ~ (3,1,—1/3,1/3,0)
Ur ool 25— 1/2:0 1) ep il =10 e e sl e 0

How to define an anomaly free theory ?

P. Fileviez Perez




Anomalies Cancellation

Baryonic Anomalies: A (SU(3)2 ® U(l)B> , Ao <SU(2)2 ® U(l)B) ;
As (U)F @ UW)p), A (UQ)

Leptonic Anomalies:

A (U3 ©U(1)L), A (U1)] @ U(1)
.A15 (U(l)y &) U(l)L &) U(I)B),

In the SM: Ay = — A3 = 3/2 Ag = —Ag = 3/2

P. Fileviez Perez
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, M. B. Wise, PRD82 (2010)011901; JHEP1108(2011)068

- Sequential FamiLH (=1 L =-=)

- MLlrvor FamiLH (=1t ==)

- Vector-Like Fa mLLg with Seesaw

Now they are in disagreement with LHC Constraints !

P. Fileviez Perez




One can define an anomaly free theory using the Fermionic Lepto-quarks:

Wit (52 12 Bi ol e (s s )

nr o~ (1,1,—1,Bl,L1), W (1,1,—1,BQ,L2)
Re (1,1,0,31,[11), o (1,1,0,32,[12)
By —By=-3, L —Ly=-3
They can have vector-like masses and cancel all anomalies !

P. Fileviez Perez




M. Duerr, , M. B. Wise, arXiv:1304.0576 (Phys. Rev. Lett. 2013)

Interactions:

—LD hlﬁLHnR “F hQWLgXR - h3§RH77L o h4§RI~{XL
+ MU LU RSEL + Al gL SBL + AsXrXLSBL
+ a1 xLxLSBL + CLZXRXRSTBL + h.c.

o A
—L, =Y /i Hvg + TRVRVRSL + h.c.

Higgses: Spr ~ (1, 1,0, -3, —3), Sr ~ (1, 1,0,0, —2)

\

P. Fileviez Perez




Symmetry Breaking: Spr ~(1,1,0,-3,-3), Sp ~(1,1,0,0,—2)

NPl SN DL N = NO Proton Decay !

Dark Matter: \If% r can be a cold dark matter candidate !

NO extra Flavour violation !

New Gauge Bosons: /,.,/R




Dobrescu, Yu, PRD 88, 035021 (2013)
Bounds on the Baryonic Breaking Scale ! An, Hou, Wang, DU 2 (2013) 50
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ATLAS-CONF-2013-052

May 13, 2013

\s=8 TeVl : Obs.l95% CL uppler limit
------- = Exp. 95% CL upper limit
Exp. 1 o uncertainty
Exp. 2 o uncertainty
Leptophobic Z° (LO x 1.3)

ATLAS Preliminary
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(a) Z' upper cross section limits.
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B and L Violation

Spr ~ (1,1,0,-3,-3), S ~(1,1,0,0,—2)

i) —(QLQLQLEL) SBL
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P. E P., H. H. Patel, 1311.6472

Baryon Asymmetry and Dark Matter

Simple Scenario: SUB)c@SUQ2),@U(1l)y ®U(1)B

Interactions: —L D Yl‘IfLH'UR -+ YQ‘i’RH'T)L. -+ Y3\IJL1€I)(R
+ Y,UpHx + MYLURSE + AoflrnLSp
+ A3XRXLSB + h.c.

Symmetries: (B — L)gps Sphalerons:

Uy p— ey R,

nL.r — €ML.R, (QRQL)* YRy, .

XL.R — €XL R
3(3/-‘u1, + /-‘61,) + LU, — Py = 0.

P. Fileviez Perez




P. F P, H. H. Patel, 1311.6472
15
4729, T
15

47r‘2g*T (4:“‘1'1, + 4/—"‘1’11 )
6piu, + (2B1 — 3)pw, + (2B2 + 3)py 4,

(12w, — Ypte,, + 3p0),

Spbu,, + 8p0 — e, — pv,, — Py,
9#‘111_ + 3:“‘61‘ T U, — Hug-

( 12/J'U L )
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QpymCo M,
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M. Duerr, P. F. P., arXiv: 1309.3970
Baryonic Dark Matter

0.10 < Qh” < 0.12
de M S R

Annihilation:

XX = LB O]
XENON100
Direct Detection:
xN — Zg = xN

LHC Signatures:

Dl B s X0 X s
M ,(GeV)




Towards Unification and Neutrino Masses
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Pati, Salam; Pati, Mohapatra; Senjanovic, Mohapatra

SU(3)e @ SU2)r @ SU(2)g o U(1l)p_1

- Connection between Neutrino Masses and the Scale of Parity Violation

- Minimal Model has Type I and Type II Seesaw Mechanisms

- Doorway to SO(10) Unification

- If the scale is low one has ‘exotic’ signals at the LHC




He, Rajpoot, 1990 M. Duerr, , M. Lindner, 1306.0568 (PRD)

I  SU(2)L0SUQReU1L)seUQ):

SM Fermions:

QL o7 (27 17 1/370)a QR o (1727 1/370)7 EL = (27 1707 1)7 ER O (1a27707 1)

Anomalies:

P. Fileviez Perez




, JHEP 03 (2009) 142
M. Duerr, , M. Lindner, 1306.0568 (PRD)

Type III Seesaw Fields

e (T s T S e el S

The theory is anomaly free !

Relevant
Interactions:

—£ > 01 (Ysd+Yad) lr
+ Ap (¢(ECiogprHy, + (hCiosprHR)
+ /\p Ir (/.‘){C'/)L —+ /_‘)g(i'/)R> Spr, + h.c..

P. Fileviez Perez
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M. Duerr, , M. Lindner, 1306.0568 (PRD)
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FIG. 1: Type III seesaw for the left-handed neutrinos.
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FIG. 2: Type III seesaw for the right-handed neutrinos.
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3 + 2 System

M. Duerr, , M. Lindner, 1306.0568 (PRD)

Neutrino Masses
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P. Fileviez Perez

Summary

- The Desert Hypothesis plays a major role in our view
of the relation between the physics at the low and
high scales. However, this picture can be WRONG !

- One can define a consistent theory where B and L are
local symmetries broken at the low scale in agreement
with the experiments and there is no need fo postulate
the Great Desert. One has a simple theory for dark
matter (and baryogenesis) which can be tested at the LHC.

- Local B and L Symmetries together with Left-Right Symmetry
requires Type III Seesaw. The Minimal Model predicts light sterile
neutrinos.
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LH,, QLd®, LLé°, and 4°d°d°,

For the application fo Supersymmetry see:

, M. B. Wise, JHEP 08 (2011) 068

J. M. Arnold, , B. Fornal, S. Spinner
1310.7052






