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Proton decay in GUTs?

Why bother?

• Old and fruitless endeavour

• Crippled by the hierarchy issue

• Poor control over various uncertainties



February 16 2017
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Hyper-KK?

Abe et al. , arXiv:1611.06118 [hep-ex]



LBNF/DUNE

CDR submitted in early 2016

1st 10kt (Þd.) LAr TPC module planned for 2021

arXiv:1601.05471, 1512.06148, 1601.05823, 1601.02984

http://arxiv.org/abs/arXiv:1512.06148
http://arxiv.org/abs/arXiv:1512.06148
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Crippled by the hierarchy issue

Physics = correlations among observables

QFT
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Crippled by the hierarchy issue

Physics = correlations among observables

QFT



Theoretical uncertainties
in proton lifetime estimates (in GUTs)
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p+

! 0

�› ! Hadronic matrix elements

! Mediator mass determination

"  higher-loop running

"  scalar spectrum & threshold effects

"  Planck-scale proximity

! Flavor structure of the B&L violating currents

"  Yukawa sector Þts 

"  Planck-scale effects

12

Main TU in p-lifetime estimates in GUTs
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p+

! 0

13

Hadronic matrix elements

Y. Aoki, E. Shintani, A. Soni, Phys.Rev. D89 (2014) 014505 (lattice)

...
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p+

! 0

SUSY is ÒschizophrenicÓ in (not only) this respect...

Mediator mass

Full spectrum needed...

Two-loop running  necessary!
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L 3 

!
F µ ! h" iFµ !

Larsen, Wilczek, NPB 458, 249 (1996)
G. Veneziano, JHEP 06 (2002) 051
Calmet, Hsu, Reeb, PRD 77, 125015 (2008)
G. Dvali, Fortsch. Phys. 58 (2010) 528-536

OOM uncertainty in M G!

p+

! 0

Planck-scale effects in gauge matching

Mediator mass
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L 3 

!
F µ ! h" iFµ !

Larsen, Wilczek, NPB 458, 249 (1996)
G. Veneziano, JHEP 06 (2002) 051
Calmet, Hsu, Reeb, PRD 77, 125015 (2008)
G. Dvali, Fortsch. Phys. 58 (2010) 528-536

OOM uncertainty in M G!

p+

! 0

uncontrolled & inhomogeneous shifts in matching                      ! ! ! 1
i ! 1

Planck-scale effects in gauge matching

Mediator mass
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L 3 

!
F µ ! h" iFµ !

Planck effects in gauge matching

- absent @ d=5 if      is not in ! (Adj. ! Adj. )sym
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L 3 

!
F µ ! h" iFµ !

Planck effects in gauge matching

- absent @ d=5 if      is not in ! (Adj. ! Adj. )sym

SU(5) GUTs:
(24 ! 24)sym = 24 " 75" 200
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L 3 

!
F µ ! h" iFµ !

Planck effects in gauge matching

- absent @ d=5 if      is not in ! (Adj. ! Adj. )sym

SU(5) GUTs:
(24 ! 24)sym = 24 " 75" 200

SO(10) GUTs:

(45 ! 45)sym = 54 " 210" 770

Usual suspects...
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SO(10) broken by <45>

The minimal potentially robust /predictive GUT

L !
!
!

F µ ! "45#Fµ! = 0
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SO(10) broken by <45>

The minimal potentially robust /predictive GUT

L !
!
!

F µ ! "45#Fµ! = 0

Bertolini, Di Luzio, MM, PRD 81, 035015 (2010)

�m2
(1 ,3,0) =

1
4⇡2

⇥
⌧2 + �2(2!2

R � !R !Y + 2!2
Y ) + g4 �

16!2
R + !Y !R + 19!2

Y

�⇤
+ logs ,

�m2
(8 ,1,0) =

1
4⇡2

⇥
⌧2 + �2(!2

R � !R !Y + 3!2
Y ) + g4 �

13!2
R + !Y !R + 22!2

Y

�⇤
+ logs ,

Consistent only at the quantum level!



Michal Malinsky, IPNP Prague Portoro",  April 21 2017Uncertainties in proton lifetime estimates /many18

Flavor structure of BLV currents

p+

! 0

Example:
g2

M2
1/6

Cijk uc�µdi dc
j�µ⌫k

Cijk ⌘ (U†
CD)1i(D

†
CN)jk
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Flavor structure of BLV currents

p+

! 0

Example:
g2

M2
1/6

Cijk uc�µdi dc
j�µ⌫k

RH rotations - simple Yukawa sector desirable      

Cijk ⌘ (U†
CD)1i(D

†
CN)jk
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Flavor structure of BLV currents

p+

! 0

Example:
g2

M2
1/6

Cijk uc�µdi dc
j�µ⌫k

RH rotations - simple Yukawa sector desirable      

�(p ! ⇡+⌫) /
3!

`=1

|k21(U†
CD)11(D†

CN )1` + k22(D†
CD)11(U †

CN )1`|

k1,2 =
g

MX 1,2

some channels can be more ÒrobustÓ than others

Cijk ⌘ (U†
CD)1i(D

†
CN)jk
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#p - special features

Flavor structure of BLV currents

�(p ! ! + " ) " k4
1 |(VCKM )11|2 + k4

2 + 2k2
1k2

2 |(VCKM )11|2

�(p ! K + " ) " k4
1

!
B 2

1 |(VCKM )12|2 + B 2
2 |(VCKM )11|2

"

Symmetric quark mass matrices: [minimal SO(10)]

B1 =
2mp

3mB
D

B2 =
mp

3mB
(D + 3F ) + 1

Dorsner, Fileviez-Perez, PLB605

Nath, Fileviez-Perez, Phys.Rept.441
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Symmetric u mass matrix: [standard SU(5)]
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"

Symmetric quark mass matrices: [minimal SO(10)]

B1 =
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Symmetric u mass matrix: [standard SU(5)]

! (p ! ! +" ) " k4
1 |(VCKM )11|2

! (p ! K+" ) " k4
1

!
B2

1 |(VCKM )12|2 + B2
2 |(VCKM )11|2

"

#p - special features

Flavor structure of BLV currents

�(p ! ! + " ) " k4
1 |(VCKM )11|2 + k4

2 + 2k2
1k2

2 |(VCKM )11|2

�(p ! K + " ) " k4
1

!
B 2

1 |(VCKM )12|2 + B 2
2 |(VCKM )11|2

"

Symmetric quark mass matrices: [minimal SO(10)]

B1 =
2mp

3mB
D

B2 =
mp

3mB
(D + 3F ) + 1

Symmetric d mass matrix: [ßipped SU(5)]
�(p ! K+⌫)

�(p ! ⇡+⌫)
! 0RK ⌘

Dorsner, Fileviez-Perez, PLB605

Nath, Fileviez-Perez, Phys.Rept.441
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Planck-scale effects in Yukawas

d=4 Yukawa couplings:

Flavor structure of BLV currents

L ! ! T
R1

Yren! R2 "



Michal Malinsky, IPNP Prague Portoro",  April 21 2017Uncertainties in proton lifetime estimates /many20

Planck-scale effects in Yukawas

d=4 Yukawa couplings:

Flavor structure of BLV currents

L 3 ! T
R1

Y ! ! R2"
!
"

+ . . .

d=5 ÒYukawaÓ operators:

L ! ! T
R1

Yren! R2 "
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Planck-scale effects in Yukawas

d=4 Yukawa couplings:

Flavor structure of BLV currents

L 3 ! T
R1

Y ! ! R2"
!
"

+ . . .

d=5 ÒYukawaÓ operators:

! Y ⌘ h" i
#

Y 0 + . . .Yfull = Yren +�Y

L ! ! T
R1

Yren! R2 "
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Planck-scale effects in Yukawas

d=4 Yukawa couplings:

Flavor structure of BLV currents

L 3 ! T
R1

Y ! ! R2"
!
"

+ . . .

d=5 ÒYukawaÓ operators:

! Y ⌘ h" i
#

Y 0 + . . .Yfull = Yren +�Y

L ! ! T
R1

Yren! R2 "

Y ⇠

0

@
10�3

10�2

1

1

A

✓12 = 0

Y ⇠
0

@
O(1%) O(1%)
O(1%) O(1%)

1

1

A

✓12 = O(⇡/2)

This looks really bad:
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Flavor structure of BLV currents

1) the more constrained        the more load on        from pheno constraints  Yren �Y

Basic observation: 

  2) the absolute size of         is naturally constrained�Y . O(10�2)

d=4 Yukawa couplings:

L 3 ! T
R1

Y ! ! R2"
!
"

+ . . .

! Y ⌘ h" i
#

Y 0 + . . .

d=5 ÒYukawaÓ operators:

Yfull = Yren +�Y

L ! ! T
R1

Yren! R2 "

Planck-scale effects in Yukawas
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Flavor structure of BLV currents

Ridiculously simpliÞed illustration:

[SO(10) with single renormalizable Yukawa]

Planck-scale effects in Yukawas

Y d
ren = Y `

ren Y d
full = Y !

full + ! �Y
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Flavor structure of BLV currents

Ridiculously simpliÞed illustration:

[SO(10) with single renormalizable Yukawa]

|��Y | =

������
D

0

@
yd

ys
yb

1

ADT
C �

0

@
ye

yµ
y⌧

1

A

������
. 10�2

Planck-scale effects in Yukawas

Y d
ren = Y `

ren Y d
full = Y !

full + ! �Y
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Flavor structure of BLV currents

Ridiculously simpliÞed illustration:

[SO(10) with single renormalizable Yukawa]

|��Y | =

������
D

0

@
yd

ys
yb

1

ADT
C �

0

@
ye

yµ
y⌧

1

A

������
. 10�2

Rotations overloaded         not arbitrary!

Planck-scale effects in Yukawas

Y d
ren = Y `

ren Y d
full = Y !

full + ! �Y
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Flavor structure of BLV currents

The same may happen even if renormalizable Þts exist
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Flavor structure of BLV currents

Example: min. SO(10)

�(p ! ⇡+⌫) /
3!

`=1

|k21(U†
CD)11(D†

CN )1` + k22(D†
CD)11(U †

CN )1`|

!"
#

$%
� &

"&
'()

!"# $%*�+*

lo
g 1

0�
to

t(p
)

log10|�Y|

Recent Super-K limit

Expected Hyper-K limit

neutral mesons total width

H. Kole#ov‡, MM, arXiv: 161209178 [hep-ph]

Planck-scale effects in Yukawas
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Flavor structure of BLV currents

Example: min. SO(10)

�(p ! ⇡+⌫) /
3!

`=1

|k21(U†
CD)11(D†

CN )1` + k22(D†
CD)11(U †

CN )1`|

!"
#

$%
� &

"&
'()

!"# $%*�+*

lo
g 1

0�
to

t(p
)

log10|�Y|

Recent Super-K limit

Expected Hyper-K limit

neutral mesons total width

!!!

H. Kole#ov‡, MM, arXiv: 161209178 [hep-ph]

Planck-scale effects in Yukawas
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Flavor structure of BLV currents

Counter-example:  ßipped SU(5)

�(p ! ⇡+⌫) /
3!

`=1

|k21(U†
CD)11(D†

CN )1` + k22(D†
CD)11(U †

CN )1`|

neutrino partial widths may be arbitrarily suppressed 

lo
g 1

0�
to
t(p

)

log10|�Y|

H. Kole#ov‡, MM, arXiv: 161209178 [hep-ph]

I. Dorsner, P. Fileviez-Perez, PLB605

Planck-scale effects in Yukawas



Conclusions



Thanks for your kind attention!


