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Introduction: flavour structure of gauge interactions
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ūiU
†
iaγµDajdj ēbγ
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Introduction: flavour structure of gauge interactions

GUTs = theories of p-decay:

gG ,MX calculable from gauge
unification constraints

But no generic constraints on
UC ,EC etc.!

αR
-1

αC
-1

αX
-1

αL
-1

αC
-1

αG
-1

αL
-1

αY
-1

μ[GeV]

μ2μ1

u
u
d

e+

p+

u
u

π0

X=(3,2,-5/6)

GUT

Interaction basis:

OI
p =

gG
2

2MX
2
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Introduction: flavour structure of gauge interactions

GUTs = theories of p-decay:

gG ,MX calculable from gauge
unification constraints

But no generic constraints on
UC ,EC etc.!

Outline:

1 Could the proton decay be
hidden due to the flavour
structure?

2 In case the Yukawa sector can
be fitted, are such fits robust if
Planck suppressed operators
considered?
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Proton decay rates induced by gauge d=6 operators
[Nath, Pérez:Phys.Rept.(2007)], [Dorsner, Pérez: Phys.Lett.B625(2005)]

(dominant in non-SUSY GUTs, present in SUSY GUTs)

Γ(p → π0e+
α ) ∝

{∣∣∣c(eα, d
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α ) ∝
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C )
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∣∣∣2} ,
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Proton decay rates: Constraints
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1
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α, β ∈ {1, 2}

1) In any GUT:

gG , MX/X ′ calculable from unification constraints

U, D, E , N constrained: V CKM = U†D, V PMNS = E †N (up to phases)

2) Gauge-group-dependent constraints:

flipped SU(5) [≡ SU(5)×U(1)] SU(5) SO(10)

only X’ vector boson present ⇒ k1 = 0 only X ⇒ k2 = 0 both X and X’

3) Constraints due to the specific choice of Yukawa sector (later)
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May the p-decay be hidden due to the flavour structure?
[Dorsner, Pérez: Phys. Lett. B606(2005)], [Nath, Pérez:Phys.Rept.(2007)]

flipped SU(5) SU(5) SO(10)

Yes!
constrained by |V CKM

13 | ≈ 0.003 6= 0

[LHCb, A. Oyanguren talk]

No, but...

τ(p→all)

flipped SU(5) SU(5) SO(10)

MX = MX ′ = 5× 1015 GeV fixed

U,D,E ,N satisfying the constraints by V CKM and V PMNS
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Model dependent constraints on Yukawa sector
Example: SO(10) with 10H , 126H and type I seesaw

LY = Y1016 16 10H + Y12616 16 126H , Y10 = Y T
10, Y126 = Y T

126

Mu = v10Y10 + v126Y126,

Md = v10Y10 + v126Y126,

MνD = v10Y10 − 3v126Y126,

Ml = v10Y10 − 3v126Y126,

MνR = v126Y126,

MνL = v126Y126

⇒ fits for mass matrices [K.S.Babu talk][Dueck, Rodejohann: JHEP(2013)]

⇒ U,UC ,D,DC etc. calculable

But what if one adds higher dimensional operators?

LY 3
Ỹ10

Mpl
16 16 10H 45H +

Ỹ126

Mpl
16 16 126H 45H . . .

⇒ corrections of the order of MG

MPl
∼ 10−2 to Yukawa matrices!
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Model independent analysis: analytic understanding

both Y and Y + ∆Y reproduce the low energy data:

Y diag = UT
C YU = ŨT

C (Y + ∆Y )Ũ

What are the constraints on Ũ,ŨC (and consequently τp)
if |∆Y | < 10−2 required???

Yukawa matrices typically hierarchical (illustration):

Y ∼


< O(10−2) < O(10−2)

< O(10−2) < O(10−2)

O(1)


∆Y ∼ O(10−2) ⇒ U , Ũ may differ by arbitrary 1-2 rotation!
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∆Y ∼ O(10−2) ⇒ U , Ũ may differ by arbitrary 1-2 rotation!
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Numerics
Individual decay channels

“Golden channel” p → π0e+ in SO(10)
lo
g
1
0
τ
(p
→
π
0
e
+
)

log10|∆Y|

(MX = 4× 1015 GeV fixed, ∆Y < 10−2 varied)

... total anarchy! (similarly for other gauge groups and decay channels)
Helena Kolešová: Flavor Structure of GUTs 9



Numerics
Individual decay channels

“Golden channel” p → π0e+ in SO(10)
lo

g
1

0
τ
(p
→
π

0
e

+
)

log10|∆Y|

Experimental 
improvement 
window Super-K limit

Hyper-K limit

(MX = 4× 1015 GeV fixed, ∆Y < 10−2 varied)

... total anarchy! (similarly for other gauge groups and decay channels)
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Numerics
Individual decay channels

Channels p → neutral meson + charged lepton summed, SO(10)
lo
g
1
0
τ
(p
→
π
0
/K

0
+
e
+
/μ

+
)

log10|∆Y|

... better, but still may be “hidden” (similarly for other gauge groups)
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Numerics
Individual decay channels

Channels p → charged meson + ν̄ summed, SO(10)
lo
g
1
0
τ
(p
→
ν)

log10|∆Y|

|

... robust! [similarly for SU(5)]
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Numerics

Total proton lifetime in SO(10)
lo
g
1
0
τ
to
t(
p
)

log10|∆Y|

... robust! [similarly for SU(5)]
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Numerics

Total proton lifetime in flipped SU(5)

lo
g
1
0
τ
to
t(
p
)

log10|∆Y|

Simplest renormalizable flipped SU(5): tight constraints on τ(p)

×

Non-renormalizable operators ⇒ p-decay may be “hidden”!
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Conclusions

Range for τtot(p) (# of orders of magnitude)

flipped

SU(5)
SU(5) SO(10)

no assumptions

on Yukawa sector
∞ ∼ 6 & 6

prediction from

renormalizable theory

+ unknown contribution

from Mpl

∞

∼ 1

(constraints from

renormalizable

theory rather loose)

∼ 1

(tight constraints,

Yukawa sector

may be fitted)

Individual proton decay channels may be “hidden”

Neutrino channels more robust

Thank you for your attention!
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