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The Desert Hypothesis in Particle Physics

L
O
W

S
C
A
L
E

H
I
G
H

S
C
A
L
E

c

�2
QQQL

�
�p > 1032�34 years =) � > 1015 GeV

�

Standard Model GUTs, Strings ?

B and L Violation: 
Seesaw Camel

P. Fileviez Perezp ! e+�



4

Georgi-Glashow Model SU(5)
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Running of the gauge couplings in the SM
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The Desert Hypothesis and Supersymmetry

MSSM GUTs, Strings ?

B and L Violation: 

10 TeV ? 100 TeV ? ...

c5
�
Q̂Q̂Q̂L̂

�
�p > 1032�34 years =) � > 1016�17 GeV

�

What about the L̂Ĥu, L̂L̂ê
c, Q̂L̂d̂c and ûcd̂cd̂cinteractions?

Seesaw Camel

Unification of Gauge Couplings !
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Running of the gauge couplings in the MSSM

Dimpolous, Raby, Wilczek, 1981; Ibanez, Ross, 1981; Marciano, Senjanovic, 1982; Einhorn, Jones, 1982.
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The Desert Hypothesis in Particle Physics

P.F.P., M.B.Wise, 2009

Stable Proton
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Aim

Physics beyond the SM vs. Proton Stability

Scenario I:
The proton decays and the 
Desert Hypothesis is maybe 

true !

Scenario II:
The proton is stable and there 

is no Desert !

Main focus of this talk !



Outline

• Introduction

• Grand Unification vs. Proton Decay

• Nucleon Decay in Supersymmetry

• Summary
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Introduction
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Proton Stability

SM: In the renormalizable SM the proton is stable !
Baryon number is a global symmetry broken at the quantum
level by SU(2) instanton processes in 3 units  

 
(�B = 3)

Matter Unification: In theories where quarks and leptons are unified one 
can have B violating interactions which mediate proton decay 
(Pati, Salam, 1973)

p ! � e+,⇡0 e+, ...(�B = 1)

GUTs: In grand unified theories ( SU(5), SO(10),..) B is explicitly broken 
at the high scale and generically one predicts proton decay.

P. Fileviez Perez

SUSY: In the MSSM  B and L are explicitly broken at the renormalizable 
level by RpV interactions and generically one predicts proton decay.

R = (�1)3(B�L)+2S



�B = 1, �L = oddExperimental Results:

13 P. Fileviez Perez
J. Raaf @ NNN13



SK Results and papers on proton decay
2014:

2014:

2013:

2012:

2012:

2009:

2005:

1999:

p ! e+⌫⌫, µ+⌫⌫

p ! K+⌫̄

n ! ⌫̄⇡0, p ! ⌫̄⇡+

p ! µ+K0

p ! `+⇡0, `+⌘, `+⇢, `+!

p ! e+⇡0, µ+⇡0

p ! K+⌫̄, µ+K0, e+K0

p ! K+⌫̄

In my opinion, if SK wants to discover proton decay, more effort is needed !
As I will explain, we have no idea which is the dominant channel. 

Therefore, it is important to investigate all possible decay channels !



Kamiokande and the Supernova Discovery

Fax from Sid Fax from Sid BludmanBludman to E. to E. BeierBeier

Unfortunately, I cannot send a fax to tell you which proton decay channel you will see at SK ;)

I have no idea ! 
P. Fileviez Perez
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Grand Unification vs. Proton Decay 



Non-SUSY GUTs 

d=6 gauge:

d = 6 nucleon decay in SU(5) and SO(10) theories
P. F. P, Physics Letters B 595 (2004) 476-483

O(eC
α , dβ) = c(eC

α , dβ) εijk uC
i γµ uj eC

α γµ dkβ,

O(eα, dC
β ) = c(eα, dC

β ) εijk uC
i γµ uj dC

kβ γµ eα,

O(νl, dα, dC
β ) = c(νl, dα, dC

β ) εijk uC
i γµ djα dC

kβ γµ νl

c(eC
α , dβ) = k2

1

h
V 11

1 V αβ
2 + (V1VUD)1β(V2V

†
UD)α1

i

c(eα, dC
β ) = k2

1 V 11
1 V βα

3 + k2
2 (V4V

†
UD)β1(V1VUDV †

4 V3)
1α

c(νl, dα, dC
β ) = k2

1 (V1VUD)1α(V3VEN)βl+ k2
2 V βα

4 (V1VUDV †
4 V3VEN)1l

α = 1 or β = 1.

V1 = U†
CU , V2 = E†

CD, V3 = D†
CE, V4 = D†

CD,

VUD = U†D, VEN = E†N , VUD = U†D = K1 VCKMK2,

VEN = K3V
M

l

UT
C YU U = Y diag

U , DT
C YD D = Y diag

D , ET
C YE E = Y diag

E

α, β = 1, 2, l = 1, 2, 3.
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after integrating out the superheavy gauge bosons.

c(ec, d), c(e, dc) & c(⌫, d, dc) ⇠ g2GUT /M
2
V

MV > 1014�15 GeV

in agreement with gauge coupling unification at the high scale.

Unfortunately, the values of the Wilson coefficients can change dramatically in different models !

naive !

P. Fileviez Perez



Georgi-Glashow Model
Georgi, Glashow, Phys.Rev.Lett.32:438-441,1974

GSM = SU(3)
N

SU(2)
N

U(1) ⊂ SU(5)

α3 α2 α1 → α5

N2 − 1 generators λa, a = 1..24

U(x) = Exp(iαa(x)λa), Det U=1, Tr λa=0

N − 1 = 4 diagonal generators.

Gauge Bosons

24G = (8, 1, 0)| {z }
Ga

L
(1, 3, 0)| {z }

Wb

L
(3, 2,−5/6)| {z }

V

L
(3̄, 2, 5/6)| {z }

V

L
(1, 1, 0)| {z }

B

Matter Assignment

(uC)L ∼ (3̄C, 1L,−2/3), (dC)L ∼ (3̄C, 1L, 1/3),

(eC)L ∼ (1C, 1L, 1),

„
uα

dα

«

L

∼ (3C, 2L, 1/6),

„
ν
e

«

L

∼ (1C, 2L,−1/2)
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What are the simplest realistic extensions of the Georgi-Glashow Model ?

I. Dorsner, P. F. P., Nucl. Phys. B723 (2005)53Type II-SU(5)

Type III-SU(5) B. Bajc, G. Senjanovic, JHEP 0708 (2007) 014

Adjoint-SU(5) P. F. P., Phys. Lett. B654 (2007) 189

P. Fileviez Perez
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Type II-SU(5)
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⌧p < 1036�37 years

See also: B.Bajc, Nemevsek, Senjanovic, Phys. Rev. D 76 (2007) 055011; L. Di Luzio, L . Mihaila, 1305.7034
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Nucleon Decay in Supersymmetry



MSSM Interactions

P. Fileviez Perez



B and L Violation in the MSSM

P. Fileviez Perez



Proton Decay and M-Parity



d=5 operators

Example:

Dimopoulos, Raby, Wilczek; Arnowitt, 
Chamseddine, Nath; Goto, Nihei; Lucas, Raby; 

Bajc, P.F.P., Senjanovic



d=5 contributions Bajc, P.F.P., Senjanovic

Many contributions !
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The non-renormalizable SUSY SU(5) model is OK, 
see: Bajc, P.F.P., Senjanovic, 0210374; 0204311. 

Unfortunately, the proton decay lifetime cannot be 
predicted in SUSY  because one needs to know the full spectrum of 

supersymmetric particles !
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J. Hisano @ BLV2013
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These theories are considered very appealing because the 
fermions are unified in the 16 representation. However, one 
has different breaking scales and it is very difficult to predict 
the lifetime of the proton.

SO(10) GUTs and proton decay

16F , 10H , 126H , 210H , ...

For recent studies see:

G. Senjanovic, 2012
H. Kolesova, M. Malinsky, 1409.4961

Mohapatra et al, 1202.4012
Babu, Pati, Tavartkiladze, 1003.2625
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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. Proton decay could tell us if this picture is correct !

P. Fileviez Perez

There are two realistic SU(5) models which predict a 
proton lifetime around 10^36 years. 

Proton decay bounds set a severe constraint on SUSY GUTs 
and together with the LHC results one can understand 
if they are viable.   

More effort is needed in the experimental community. 
SK can use the data to constraint all possible decay channels.
They could make the data public and other experimental 
groups could make independent analyses. 



Proton Decay

by David Halliday

A proton once said, "I'll fulfill
My long-term belief in free will.

Though theorists (may) say
That I ought to decay

I'm damned if I think that I will."

P. Fileviez Perez


