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Experimental Results

- Proton Decay:
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- Neutrino Oscillations:

AL, #0,AL, #0,AL, #0

Cosmology

Baryon Asymmeitry:

:> AB 0

Sakharovs Condition, 1967
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Living without the Great Desert
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B and L as Local Symmetries

A. 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, PRDS82 (2010)011901; JHEP1108(2011)068

Breaking B and L at the TeV scale !

) GsueU1)seU(l):

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

—

Qpi(3,2,:176, 1 13,0}, wmor(3, 15273, 1/3:0) “dp ~(@eloil8ul 556

U o (B2 ROl (e Dy O SR R0

How to define an anomaly free theory ?
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Anomalies Cancellation

Baryonic Anomalies: A (SU(3)2 R U(l)B) o (SU(2)2 ® U(l)B> :
As (U3 ®UQ)B), A ([UQ)y @UL)%),

As (U(1)B), As (U(1)B),

Leptonic Anomalies:

Ais (U(1)23 ®UM)L) , A (U(l)% ®U(1)B),
A5 (U(L)y @ U(1)L ® U(1)5),

In the SM: .AQ — —.Ag = 3/2 Ag — —.Ag = 3/2
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, M. B. Wise, PRDS82 (2010)011901; JHEP1108(2011)068

© Sequential FamiLg (B=1 L="=)

.« MLlrror FamiLg (B=t ==

- Vector-like Fa miLg with Seesaw

Now they are in disagreement with LHC Constraints !
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One can define an anomaly free theory using the Fermionic Lepto-quarks:

T m ol e bl =yl BB L Ol TE 50 3

nr ~ (1,1,-1,3/2,3/2), ng ~ (1,1,—1,-3/2,—-3/2)

NEZ (17 17073/273/2)7 R (17 1707 _3/27 _3/2)

They can have vector-like masses and cancel all anomalies !
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, M. B. Wise, arXiv:1304.0576 (Phys. Rev. Lett. 2013)

Interactions:

—L D UL Hng + hoU Hxg + hsUrHnp, + haVrHy
+ MU URSEL + Ml pnLSBL + A3XRrXLSBL
+ a1xLXLSBL + a2xrXRSE, +h.c.

e A
— L, =Y i Hup + 7RVRVRSL + h.c.

Higgses: Ser, ~ (1 1,0, -3, 3 S, ~ (1, 1,0,0, —2)

/\
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Symmetry Breakingg  Sp; ~ (1,1,0,—3,-3), Sr ~ (1,1,0,0,—2)

N S A =" N s NO Proton Decay !

NO DESERT !

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

NO extra Flavour violation !

New Gauge Bosons: /1, /B




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 Te\/I Obs. 95% CL upper limit
Exp. 95% CL upper limit
Exp. 1 o uncertainty

Exp. 2 o uncertainty
Leptophobic Z’ (LO x 1.3)

ATLAS Preliminary

det =14.3 b

Z’ mass [TeV]

(a) Z' upper cross section limits.




M. Duerr, P. F. P., arXiv: 1309.3970

Baryonic Dark Matter

0.10 < Oh” < 0.12
. 98, Mz, M, & B

Annihilation:

XX — ZB — qq
XENON100
Direct Detection:

xN — Zg - xN

LHC Signatures:

DD LR e XX 00X
MX(GeV)
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Left-Right Symmetry and Type III Seesaw
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Left-Right Symmetric Theory
A~ 10" GeV




Pati, Salam; Pati, Mohapatra; Senjanovic, Mohapatra

SUB)c®8U(2)r  SU2)r QU(1)s_1L

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)

) SU(2)r ® SU(2)r ® U(1)s ® U(1);

SM Fermions:

Qo 2151 300 20 pran (12,4 130 sl S (2 ) e o S 2

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

Type III Seesaw Fields
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Higgs Sector:

Re

HL & (27 173/47 _1/4)7 SR (17273/47 _1/4)
SBL o5 (17 17 3/273/2)

levant Interactions for Neutrino Masses:

—£ > 01 (Ysd+Yad) lr

- Ap ((;%‘CY[..(_TQ/)LHL — (%C?'iangHR)

—

- A, I (/-"{C"/—"L - pg(_?'pR) Spr, + h.c..
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M. Duerr, , M. Lindner, 1306.0568 (PRD)

Parity Violation ! . -<
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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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Neutrino Masses
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M. Duerr, , M. Lindner, 1306.0568 (PRD)

Effect of higher-dimensional operators

O

— cp bl H H ST, /A

vp

OVR = CRERERHRHRSTBL/A2.

Example:

if vi, ~1 GeV, and vy, ~ 10 TeV — A > 3 x 10° TeV

Using vg ~ 1 TeV and vpr, ~ 10 TeV — M,,. <1 MeV.
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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 LHC.

- Local B and L Symmetries fogether with Left-Right Symmetry
requires Type III Seesaw. The Minimal Model predicts light sterile
neutrinos at the renormalizable level.
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This is my contribution to the GoranFest which took place in 2010 !

Sorry, I am a bit late ;)




