Baryon and Lepton Numbers:
Life in the Desert

Pavel Fileviez Perez

Center for Cosmology and Particle Physics (CCPP)
New York University

Talk at PASC0OS2012, Merida, June 6, 2012
1




Collaborators:

J. M. Arnold (Caltech)

V. Barger (UW-Madison)

B. Fornal (Caltech)

P. Nath (Northeastern Univ.)
S. Spinner (SISSA)

M. K. Trenkel (Germany)

M. B. Wise (Caltech)




References

, S. Spinner, Phys.Lett.B673:251,2009; Phys.Rev.D83:035004,2011.
V. Barger, , S. Spinner, Phys.Rev.Let1.102:181802,2009.
P. FE P, S. Spinner, M. K. Trenkel, Phys.Lett.B702(2011)260;Phys.Rev.D84(2011)09528.
P. F P, M. B. Wise, Phys.Rev.D82:011901,2010.
P. F. P.,, M. B. Wise, Phys. Rev. D84(2011)055015.
P. F P, M. B. Wise, JHEP1108(2011)068.
D. Feldman, , P. Nath, JHEP 1201 (2012) 038.
, Phys.Lett. B711 (2012) 353-359.
, S. Spinner, JHEP 04 (2012) 118.

J. Arnold, , B. Fornal, S. Spinner, hep-ph/1204.4458
!




B, L and Physics beyond the SM

SILSNT (RpV)
Standard New GUTs
Model Theory (proton decay;,

neutrino masses)
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Very often we need to think about the B and L violation
and postulate a desert between the low and high scales !




The World Largest Deserts
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Deserts take up about one third (33%) of the Earth's land surface

5 Thanks to Wikipedia




B and L Violation: :
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B and L Violation: | '
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Minimal Supersymmetric
Standard Model

R= (_1)3(B—L)+28 _ (_1)2SM

What is the origin of the lepton and baryon
number violating interactions in the MSSM?
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Outline

- Introduction

- B and L in the Super-World

- Minimal Theory for R-parity (Non) Conservation
- Life in the Desert

- Summary




Introduction:




Experimental Results

- Proton Decay:
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- N-Nbar Oscillations: AB=2

Tn—n > 10° s (free neutrons)
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- Neutrinoless double beta decay

(Ov3p3)

Experiment
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Rodejohann, 2011




- Neutrino Oscillations:

AL; #0

Talks by Lindner, Valle, A. de Gouvea.

Cosmology

Baryon Asymmetry: > BARYON NUMBER VIOLATION

AB 0

Sakharov's Condition, 1967

Can we expect B and L violation at the LHC ?

15




B and L in the Super-World




B and L Violation Ln the MSSM

Whpy = eLH, + ALLeS + X QEdS + X uSd°d°
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Malorana Neutrino Masses

Exa mpLe:

eLH,

M,<1eV
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e.g. Hirsch, Diaz, Porod, Romao, Valle, 2000




See e.g. P. Nath, P. Fileviez Perez, Physics Reports 441:191,2007

Proton Decay anod R-Pa V'Ltg[
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See e.g. P. Nath, P. Fileviez Perez, Physics Reports 441:191,2007
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16 Dlmopoulos, Rabg, wilezek,
MGUT ~ 107" GeV P. Nath, Chamseddine,
Bajc, P.F.P., Senjanovic




Wrov = €LH, + ALLe® + X\ QLd° + X u°d°d°

what s the origin of the Lepton and baryon
number violating tnteractions in the MSSM?




B-L Symmetry and R-parity

Aulakh, Mohapatra, 1982;

Hayashi, A. Murayama, 1985;
Mohapatra, 1986;

Krauss, Wilczek, 1988;

Font, Ibanez, Quevedo, 1989;
Masiero, Valle'90

Martin, 1992;

Aulakh, Bajc, Melfo, Senjanovic, 2001
P. F. P., S. Spinner, 2008-2012

V. Barger, P. F. P., S. Spinner, 2008




P.F.P, S. Spinner, Phys. Lett. B 673 (2009)251

Which is the minimal SUSY Left-Right Theory ?




Minimal Theory for R-parity Violation




V. Barger, P. Fileviez Perez, S. Spinner, Phys. Rev. Lett.102:181802,2009

Minimal B-L Theory for R-Parity Violation

G- =SUB3)cQ)SURLQU(1)y QU(1)s-L

RERIESH: Q s (Ba 2a 1/3a 1/3) L~ (13 2a _11 _1)
u® ~ (3719—4/37—1/3) e’ ~ (1;1727 1)
d° ~ (3,1,2/3,—1/3)

::> Ve~ (1, 352§ 2 1) (for anomaly cancellation)
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The Minimal B-L Model predicts

- R-parity must be spontaneously broken !

- The B-L and R-parity breaking scales are defined
by the SUSY scale.

- Lepton number violating signals at the LHC !




Scalar Potential and sSymwmetry Breaking
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R-Parity Violating Couplings
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The mass matrix for all light neutrinos:
Barger, P.F.P., Spinner’l0

(Ves Vp, Vr, Vg, V)

M, =

( Avivl + B(YBv] + Yi30L) + CYBYF®  YiPu,/V2 )

Y % vy [V/2 O2x2

Possible spectra:

V45

The theory predicts two light sterile neutrinos ! Talk by Hannestad

Mohapatra’86; Ghosh, Senjanovic, Zhang'10




Proton Decay
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The Desert Again !




What is the origin of the tachyonic mass for ;7€ ?

a)  fv°v°X ()  Radiative Symmetry Breaking

P. F. P, Spinner, 2010

b S =Tr (YB_Lfflz) # 0 at GUT scale

M. Ambroso, B.A. Ovrut, 2009, 2010




, S. Spinner, JHEP 04 (2012) 118

Signatures at the LHC

- Gluino as the LSP

- Squark as the LSP

- Charged Slepton as the LSP
- Neutral Slepton as the LSP
- Chargino as the LSP

- Neutralino as the LSP




Neutralino as the LSP
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Br(Zpy, — e e; ) ~ 40%, Br(Zpy, — vv) ~ 35%, Br(Zpy, — jj) ~ 20%, and Br(Zpy, — tt) ~ 5%,
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Decav Lencth P. F. P, S. Spinner, JHEP 04 (2012) 118
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P. F P, S. Spinner, JHEP 04 (2012) 118

Branching Ratios
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| ———=  MSSM
| ——  mz, =1TeV
mz, =15TeV

—. s 2TV,
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7 TeV LHC
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The Minimal B-L Theory predicts:

* R-parity must be spontaneously broken.

* The B-L and R-parity violating scales are defined by the
SUSY breaking scale.

* Two light sterile neutrinos.

* Lepton number violating signals and displaced vertices
at the LHC.




P. Fileviez Perez, S. Spinner, M. K. Trenkel, hep-ph/1103.5504; 1103.3824

Dynainical R-parity Conservation

Gp-1=5U(3)c Q) SURLQ U1y QU(1)5-L

WB—L = WRpC‘ aE YVLHuVC z Wextra

Model I: Majorana

W — iy XX + froveX [

Model II: Dirac (I1) o .
) 4% =31 0SS ngr = 2p/q

extra

Model III: Stueckelberg B-L Model (Feldman, P.F.P., Nath'll)
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R-parity and Grand Unification in 4D

Werpv — .bbn + )\z‘jkfoigjgk 4 775@241{5111

Enforce Matter Parity Conservation

_SO(lo) e.g. Aulakh, Bajc, Melfo, Senjanovic'2000

455,545,156, 1261 (2105)

Fye = o (5°) = 0 (SUSY Limit)

Talk by S. Raby
Remark:

We need to enforce the conservation of a discrete symmetry in models with 16_H Higgses

NO “simple” GUT which predicts R-parity Conservation !
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Life in the Desert
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B and L as Local Symmetries

E. P. Wigner, 1952

S. Rajpoot, 1987

Foot, Joshi, Lew, 1989
Carone, Murayama, 1995

P. F P, M.B. Wise, 2010

Breaking Local Baryon and Lepton Number at the TeV Scale (NO Desert !!)

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

The BLMSSM

o= NN S =5 ) e B i
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Symmetry Breaking

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

(S.) #0,(SB) #0
Gsm ®ML




Local B and L are broken at the TeV Scale

2 2 2/
l-‘UQ = —|/tB|2 + (mSB myg, tan ’53>
2" 4B |

tan? B — 1

—m?2 2
L~ Mg, tan” Or,
tan? B — 1

msy,Ms;,Mg,and mg  are soft masses.




Main Features:

- Local B and L can be spontaneously broken at the TeV scale.

- The Proton is stable.

- No Flavour Violation at Tree Level.

- No Landau poles at the low scale.

- The LHC bounds from SUSY searches could be avoided due to B
violation.

- The Higgs boson mass can be large without assuming a large stop
mass and left-right mixing.




P.FP., Phys.Lett. B711 (2012) 353;

J.M.Arnold, P.F.P., B. Fornal, S. Spinner, hep-ph/1204.4458

Predictions for the Light Higgs Boson Mass

Mu=1TeV, X, ,£0, MSSM
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J.M.Arnold, P.F.P., B. Fornal, S. Spinner, hep-ph/1204.4458

Stop as the LSP and BNV:

ai

o 7 ~ 7
e SN = I CrICRTe ~cC jC JC
AucdchSB i 2XijkUs did, gty didy

1 el UB

2 J2A

‘ ~ 2
10* GeV Form bounded states and
give rise to displaced vertices !

L(¢; — g;q) > 1 mm (




Summary

- The Minimal B-L Theories predict that R-parity should be

spontaneously broken and one expects Lepton Number Violation
at the LHC.

- There is no “simple” grand unified theory in 4D for R-parity
conservation.

- There is no need for a desert if B and L are gauged
and broken at the low scale.

- A simple theory where B and L are local gauge symmetries
spontaneously broken at the SUSY scale was presented. This
theory predicts B and L violation at the LHC !
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MUCHAS GRACIAS !




MSSM linteractlons

WRpC S YuQHuuc s YdQI_IddC ng Y;LHdec T /J'Hqu

Wrpv = eLH, + ALLe® + X QLd® + X u°d°d°
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- Radiative Symmetry Breaking

P.F.P,, S.Spinner’1io

e FATE OF R PARITY
X) #0,(X) # 0

(5°) # 0

My = 2 TeV,
Ml/2 = 200 GeV,
Agp = 0.




Production Mechanisms:

B-L Higgses: X7, X5, ABL

PHYSICAL REVIEW D 84, 095028 (2011)
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6 light squarks
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Signals at the LHC

Single Production: pp — X1 — NN — 6?6?4]'

BenchmarkI: £ = 100 fb_l

e AL e —a RG> = I 1
m;, = 150 GeV,mq’[ =1TeV,mpy, =95 GeV,
Orpi a0 010

Final State || Combinatorics Background

0.038 ‘ 6
0.030 : 12
0.027 4: 6

Lepton number violation plus two displaced vertices




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

Values for S

Values for S
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FIG. 1: Values for the S parameter when the masses of the fourth generation neutrinos is equal to 100 GeV (left panel)

and when the masses of the new charged leptons is 150 GeV (right panel).




, S. Spinner, hep-ph/1201.5923
Gluino as the LSP

pp — gg — ti bb 6_6_ tt tt vv

= ete s g

Inclusive study by ATLAS: arXiv:1201.1091

o) 55D

Mzl Heavy Spectrum !




Squark as the LSP

W eiief, tt vv

pp = GG — 2jefef, 2j v

Charged Slepton as the LSP

pp — E€;€; — tt bd, eje-_yy

Neutral Slepton as the LSP

~

pp *D; — bbbb, vvvy

, S. Spinner, hep-ph/1201.5923




, S. Spinner, hep-ph/1201.5923
Chargino as the LSP
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Neutralino as the LSP
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The Most Interesting Signals !
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P. F P, S. Spinner, JHEP 04 (2012) 118

, T |
m, = VPMNS 17\[1/ VPMNS.




