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Abstract

A broad overview of the current status of proton stability in unified models of particle interactions is given which includes
non-supersymmetric unification, SUSY and SUGRA unified models, unification based on extra dimensions, and string-M-theory
models. The extra dimensional unification includes 5D and 6D and universal extra dimensional (UED) models, and models based
on warped geometry. Proton stability in a wide array of string theory and M theory models is reviewed. These include Calabi—Yau
models, grand unified models with Kac—-Moody levels k > 1, a new class of heterotic string models, models based on intersecting D
branes, and string landscape models. The destabilizing effect of quantum gravity on the proton is discussed. The possibility of testing
grand unified models, models based on extra dimensions and string-M-theory models via their distinctive modes is investigated. The
proposed next generation proton decay experiments, HyperK, UNO, MEMPHY S, ICARUS, LANNDD (DUSEL), and LENA would
shed significant light on the nature of unification complementary to the physics at the LHC. Mathematical tools for the computation
of proton lifetime are given in the appendices. Prospects for the future are discussed.
© 2007 Elsevier B.V. All rights reserved.

PACS: 12.10.Dm; 13.30.—a; 12.10.—g; 11.25.Wx; 11.30.Pb; 12.60.—i

Contents
1 INtrodUCHION . . ..o 192
2. Experimental bounds and future SEarches . . ... ... ... ... e 196
3. Nucleon decay in NON-SUPETSYMMELIIC SCENATIOS . . . ...ttt t ettt ettt ettt et ettt e e e e et e e e et 198
3.1. Baryon number violation in the Standard Model . ... ... ... ... 199
3.2. Grand unification and gauge contributions to the decay of the proton . ....... ... ... .. 200
3.3. Proton decay induced by scalar [eptoquarkss . . .. ... ... ... 203
4. Nucleon decay in SUSY and SUGRA unified theories . . . ... ... ... e 204
4.1. R-parity violation and the decay Of the Proton . ... ...ttt e e 205
4.2. Supersymmetry breaking and SUGRA unification . . ... .. ... . 207
4.3. Effect of CP violating phases on proton lifetime . ... ... ... e 211
4.4. Doublet—triplet Splitting Problem . . ... ... ... 213
4.5. Proton decay in SU(5) supersymmetric grand unification . .. ... ... ... e 214
4.6. Nucleon decay in SO(10) thEOTIES . . . .. ...ttt e ettt e e e e e e 217

* Corresponding author. Tel.: +1 617 3734669; fax: +1 617 3732943.
E-mail addresses: nath@lepton.neu.edu (P. Nath), fileviez@cftp.ist.utl.pt (P. Fileviez Pérez).

0370-1573/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.physrep.2007.02.010


http://www.elsevier.com/locate/physrep
mailto:nath@lepton.neu.edu
mailto:fileviez@cftp.ist.utl.pt

192 P. Nath, P. Fileviez Pérez / Physics Reports 441 (2007) 191-317

4.7. Proton decay in models with unified symmetry breaking . .............o oottt e 220

5. Testing grand UNIfICATION . .. . ... ...ttt ettt ettt ettt et e e e e e e e e e e e e e e e e 221
5.1. Textures, Planck scale effects and proton decCay . .. ... ...ttt e 221

5.2. Gravitational smearing effeCts ... ... ... ... ... i 223

5.3. Constraints from gauge coupling unification. . . . ... ... ... 224

5.4. Testing GUTSs through proton deCaY . ... ... ...ttt ettt ettt e e e e et 228

5.5. Proton decay in flipped SU(S) . .. ..ottt e 229

5.6. Upper bound on the proton lifetime in GUTS . . ... ... e e e 230

6. Unification in extra dimensions and Proton dECAY . . . . . ... .u ittt ittt ettt ettt e ettt e 232
6.1. Proton decay in models With SD . . .. ... 233

6.2. SO(10) models in SD . .. ... 239

6.3. SD THinification ... ... ... .. ... 240

6.4. OD MOMEIS . . . ... 241

6.5. Gauge—Higgs UnifICation . . . . ... .. ...ttt e 244

6.6. Proton decay in universal extra dimension (UED) models .. ........ ... e 245

6.7. Proton decay in Warped ZEOMEITY . ... ...ttt ettt ettt e e e e e e e e e e e 246

6.8. Proton stability in kink backgrounds . ... ... ... e 248

7. Proton decay in string MOAEIS . . . .. ...ttt 248
7.1. Proton stability in Calabi—Yau models . . . ... ..o e 249

7.2. Kac—Moody level k > 1 string models and proton deCay . .......... ...ttt ettt 252

7.3. A new class of heterotic string MOdEIS . . . .. ... .o 253

7.4. Proton decay in M theory compactifiCations . ... ... ...ttt ettt e 253

7.5. Proton decay in intersecting D brane models ... ... ... e 254

7.6. Nucleon stability in string landscape MmOdels . ... ... ... . e 256

7.7. Proton decay from black hole and wormhole effects .. ......... ... 258

7.8. U(1) string symmetries and proton stability . ... ..... ... ... 258

7.9. Discrete symmetries and proton stability. ... ... ... .. 259

8. OHNET ASPECLS . .« o o vttt ettt e e e e e e e e e e e e 261
8.1. Neutrino masses and Proton ECAY . . ... ..o uut ittt et ettt e e e ettt e 261

8.2. Proton stability and dark Matter . . ... ... ... e 264

8.3. Exotic B and L VIOIAtioN . . ... ... o 265
8.3.1. |AB| > 1 violation and other non-standard B and L VIOlation . ... .............uutiiuureee i 265

8.3.2. B and L violation involving higher enerations .. ......... ... ... e 266

8.3.3. Monopole catalyzed proton dECAY . .. ... ...ttt ettt e e e e e 266

8.4. Proton decay and the ultimate fate of the UNIVEISE . . . .. ... ...ttt e e e et et 267

9. Summary and outlook . . . . ... 267
10. Summary table of p decay PrediCtions . . ... ... ..ottt e e e e e e e 269
ACKNOWIBAZIMENTS . . . . o oottt ettt et e e e et e e e e e e e e e e 270
Appendix A. Mathematical aspects of SU(5) and SO(10) unification . ....... ... e 271
Appendix B. d = 5 contributions to the decay of the Proton .. ... ... ... e 275
Appendix C. Dressing of the d = 5 OPErators .. ... ...ttt et e e 279
Appendix D. Sparticle spectrum and renormaliZation . . . ... ...ttt ittt 284
Appendix E. Renormalization of the d = 5 and 6 OPErators . . .. ... ettt et 287
Appendix F. Effective Lagrangian for nucleon decay ............... ..o 288
Appendix G. Details of the analysis on testing GUTS . . ... ...ttt ettt et e e e e e e et 294
Appendix H. Detailed analysis of upper bounds . ... ....... ... i 297
Appendix I. Relating 4D parameters to parameters of M-theory ... ...... .. ... i 299
Appendix J. Gauge coupling unification in string mOdelS . . . . . . ... .. 301
REETEICES . . . oo 303

1. Introduction

The Standard Model of strong, and the electro-weak interactions, given by the gauge group SU(3) xSU(2);, xU (1)y,
is a highly successful model of particle interactions [1,2] which has been tested with great accuracy by the LEP, SLC
and Tevatron data. The electro-weak sector of this theory [1], i.e., the SU(2); x U (1)y sector, provides a fundamental
explanation of the Fermi constant and the scale

Gp'* ~292.8Gev (1)



Download English Version:

https://daneshyari.com/en/article/1874149

Download Persian Version:

https://daneshyari.com/article/1874149

Daneshyari.com


https://daneshyari.com/en/article/1874149
https://daneshyari.com/article/1874149
https://daneshyari.com

