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Proton decay In GUTS?

Why bother?

e Old and fruitless endeavour
e Crippled by the hierarchy issue

e Poor control over various uncertainties
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Abe et al., arXiv:1611.06118 [hep-ex]




LBNF/DUNE

CDR submitted in early 2016

arXiv:1601.05471,512.061481601.05823, 1601.02984

15t 10kt (Pd.) LAr TPC module planned for 2021



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 hierarcay 'ssue

M ’\‘Lﬁ"'ll‘l' V, IP]} ]m Brla oQ ok s IC II 21 2017



Theoretical uncertainties
In proton lifetime estimates (iIn GUTS)



Sample of estimates

> SU(5) 1
4 su(s)+15 [2
2N SU(5)+15 [3]
= Su(5)+45 [4
SO(10) [5
SUB) [6
SU@B) [7
SO(10) [6] pT—K'v N
SO(10) [8] n____=
lifetime [years]: 1028 1032 1039 1049
1] Georgi, Quinn,Weinberg, PRL 33,451 (1974) [5] Lee, Mohapatra, Parida, Rani, PRD 51 (1995)
2] Dorsner, Fileviez Perez, NPB 723, 53 (2005) [6] Pati, hep-ph/0507307
3] Dorsner, Fileviez Perez, Rodrigo, PRD75, 125007 (2007)Murayama, Pierce, PRD 65. 055009 (2002)
4] Dorsner, Fileviez Perez, PLB 642, 248 (2006) [8] Dutta, Mimura, Mohapatra, PRL 94,091804 (2005)

...and many more.
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Sample of estimates

Lsue I I
GlsuG)y+15 (2] o e —
A SU(5)+15 [3 L
C 1
=l SU(5)+45 [4 —
SO(10) [5. L
SU(5) 6] + current limits
SU(5) 7. E
SO(10) [6] 'l - Aty
SO(10) [8 1 =
lifetime [years]:  102%® 1032 103 1049
1] Georgi, Quinn,Weinberg, PRL 33,451 (1974) [5] Lee, Mohapatra, Parida, Rani, PRD 51 (1995)
2] Dorsner, Fileviez Perez, NPB 723, 53 (2005) [6] Pati, hep-ph/0507307
3] Dorsner, Fileviez Perez, Rodrigo, PRD75, 125007 (2007)Murayama, Pierce, PRD 65. 055009 (2002)
4] Dorsner, Fileviez Perez, PLB 642, 248 (2006) [8] Dutta, Mimura, Mohapatra, PRL 94,091804 (2005)

...and many more.
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Main TU In p-lifetime estimates in GUTs

°+
> IHadronic matrix elements " B »
B IMediator mass determination \] | 0

" higher-loop running

scalar spectrum & threshold effects

" Planck-scale proximity

B !Flavor structure of the B&L violating currents
" Yukawa sector pts

" Planck-scale effects
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Hadronic matrix elements

Matrix element Wy(u = 2GeV) GeV? (%) Total error

(m°|(ud) rur|p) —0.103 (23) (34) 40
(m°|(ud)Lur|p) 0.133 (29) (28) 30
(m*|(ud) rdL|p) —0.146 (33) (48) 40 0
(r+|(ud)zdLlp) 0.188 (41) (40) 30 '
(K°|(us)rurlp) 0.098 (15) (12) 20
(K°|(us)rur|p) 0.042 (13) (8) 36
(K™|(us)rdr|p) —0.054 (11) (9) 26
(K+|(us)zdr|p) 0.036 (12) (7) 39
(K*|(ud)rsL|p) —0.093 (24) (18) 32
(K*|(ud)rsc|p) 0.111 (22) (16) 25
(K™|(ds)ruL|p) —0.044 (12) (5) 30

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

Two-loop running necessary! o
r d
P
\ u %
49, \] 0
48|
46 - E E
: Mg :
45+ Gg E‘ >
E | log, julGeV]
44 .....................

16.4 16.6 16.8 17.0 17.2 17.4

Full spectrum needed...

SUSY is OschizophrenicO in (not only) this respect...
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Mediator mass

Planck-scale effects in gauge matching

Larsen,Wilczek, NPB 458, 249 (1996) K |
) I /n d
G.Veneziano, JHEP 06 (2002) 051 LD = FH < > FH!

Calmet, Hsu, Reeb, PRD 77, 125015 (2008) P —
G. Dvali, Fortsch. Phys. 58 (2010) 528-536

49,

Iog,d'u[GeV]
16.4 16.6 16.8 17.0 17.2 17.4

OOM uncertainty inM ¢!
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Mediator mass

Planck-scale effects in gauge matching

Larsen,Wilczek, NPB 458, 249 (1996) K |
) I /n d
G.Veneziano, JHEP 06 (2002) 051 LD = FH < > Fli!

Calmet, Hsu, Reeb, PRD 77, 125015 (2008) P —
G. Dvali, Fortsch. Phys. 58 (2010) 528-536

49,

Iog,d'u[GeV]
16.4 16.6 16.8 17.0 17.2 17.4

uncontrolled & inhomogeneous shifts in matching | | : e |

OOM uncertainty inM ¢!
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Planck effects In gauge matching

-absent @ d=5i isnotifAd. ! Ad.)sym
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Planck effects In gauge matching

£ 5 R,

-absent @ d=5i isnotifAd. ! Ad.)sym

SU(5) GUTSs:
(241 24)sym =24" 75" 20C
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Planck effects In gauge matching

-absent @ d=5i isnotifAd. ! Ad.)sym

SU(5) GUTSs:
(241 24)sym =24" 75" 20C

SO(10) GUTSs:
(451 45)sym =54 " 210" 77C

Usual suspects...
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The minimal potentially robust /predictive GUT

SO(10) broken by <45>

L1 FH 45, =0
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The minimal potentially robust /predictive GUT

SO(10) broken by <45>
L1 FH 45, =0

Consistent only at the quantum level!

] & (¢) ()& ® (¢) ()&
/ ’ x~\\ \ \\ ’ ,"X‘\\ l, \\ /’
? ------ . \kr ------ (_b (P ------ \.\: \F—, ------ ? ? ------ : /5 ----- ?
\\ I’ B‘\ ,',B q q
\~X_",, ‘\_X__,
1
Am(21’3 0 T 22 [7‘2 + (°(2wg — wrwy +2wd)+ ¢* (1&0% + wywRr + 19w$)] + logs,
1
Am(z&l 0 T 22 [72 + B%(wg — wrwy +3w3)+ ¢* (13w,% + Wy WR +22w$)] +logs,

Bertolini, Di Luzio, MM, PRD 81,035015 (2010)
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Flavor structure of BLV currents

Clijr usy*d; d§y v pt |
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Flavor structure of BLV currents

92

M6

Clijr usy*d; d§y v pt |

Cijre = (ULD)1;(DEN) i,

RH rotations - simple Yukawa sector desirable
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Flavor structure of BLV currents

92

M6

Cijr utytd; dSyuvi pt

Cijre = (ULD)1;(DEN) i,

RH rotations - simple Yukawa sector desirable

some channels can be more OrobustO than others

E
I(p = 777) \k?(UED)u(DéN)u + k%(DTCD)n(UéN)wl
r=1
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Flavor structure of BLV currents

#P - Specia| features Nath, Fileviez-Perez, Phys.Rept./

Dorsner, Fileviez-Perez, PLB605

Symmetric quark mass matricgminimal SO(10)]

T(p! '™ " ki|(Vekm J11|” + k3 + 2kZk5 [(Vekm )aal”
P(p! K*™) " Kk Bfl(Vekm )ial” + BE [(Vokm Jul® 8y = ep
B
- Mp
B, = 3mB(D+3|:)+1
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Flavor structure of BLV currents

#P - Specia| features Nath, Fileviez-Perez, Phys.Rept./

Dorsner, Fileviez-Perez, PLB605

Symmetric quark mass matricgminimal SO(10)]

T(p! '™ " ki|(Vekm J11|” + k3 + 2kZk5 [(Vekm )aal”
P(p! K*™) " Kk Bfl(Vekm )ial” + BE [(Vokm Jul® 8y = ep
B
- Mp
B, = 3mB(D+3|:)+1

Symmetricu mass matrixfstandard SU(5)]

(! V) k| (Vera)nl’ ..
L (p! K™ " kY BE(Veram)el® + BE(Vorau)ul’
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Flavor structure of BLV currents

#P - Specia| features Nath, Fileviez-Perez, Phys.Rept./

Dorsner, Fileviez-Perez, PLB605

Symmetric quark mass matricgminimal SO(10)]

T(p! '™ " ki|(Vckm J11|” + k3 + 2kZk5 [(Vekm )aal”
P(p! K*™) " ki BY|(Vokm )iol” + BE |(Vokm Jul® B, = Zop
B, = 322(D+3F)+1
Symmetricu mass matrixfstandard SU(5)]
! ) K (Vera)nl
(p! K™) "k BY(Veran)l® + B3 I(Vexm)ul®
S tricd trixiRipped SUB)] Rk = L2 K0
ymmetricd mass matrixf3ippe (5)] K= T S
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

d=4 Yukawa couplings:
T 11
L ! | Ry Yren! R
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

d=4 Yukawa couplings: d=5 OYukawaO operators:
1 1 T | " .
L | .Rlyren- R, £9|£1Y|| R, o+
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Planck-scale effects in Yukawas
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

d=4 Yukawa couplings: d=5 OYukawaO operators:
1 1 T | " .
L | .Rlyren- R, J= ]Elyl! R, o+

Yeull = Yren AY !Y:< >Y/+---

This looks really bad:
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

d=4 Yukawa couplings: d=5 OYukawaO operators:
1 1 T | " .
L | .R1Yren- R, J= }1;1Y!! R, o+

Yeull = Yren AY !Y:< >Y/+---

Basic observation:

1) the more constraineten, the more load Y  from pheno constrain

2) the absolute size AAY is naturally constraingd(10~2)
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

Ridiculously simplibed illustration:

[SO(10) with single renormalizable Yukawa]

Yien = Yien => Y = Y +!1AY

refn rerfn
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

Ridiculously simplibed illustration:

[SO(10) with single renormalizable Yukawa]

Yien = Yien => Yo = Yau +!AY

refn r

Yd Ye
6AY | = |D Ys D} — Y <10°°
Yb Yr
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

Ridiculously simplibed illustration:

[SO(10) with single renormalizable Yukawa]

Yien = Yien => Yo = Yau +!AY

refn r

Yd Ye
6AY | = |D Ys D} — Y <10°°
Yb Yr

Rotations overloaded  ——>% arbitrary!
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Flavor structure of BLV currents

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

Planck-scale effects in Yukawas

Example: min. SO(10) H. Kole#tov, MM, arXiv: 161209178 [hep-|
13
C(p—7'7) o [K(ULD)11(DEN) 1+ k3(DED) 11 (ULN) 1|
/=1

neutral mesons total width

Expected Hyper-K limit

B 1 L o Liew T "."
‘\ ., s % -:i¢ s o7 et f.‘.‘- d
‘e . o _" '0 r i T
L .. v o
: - 151‘- ' T - ) v g'v -
- . ;
. p Y . ' .,?‘-'.;N J"
. . o s Pe i L ’ ATH L P
. T . et \“'" AT i .»{'u,'._:" ~(-.‘A =
Lr 7 z .-‘ .,_. A .".“'. . .
Sns Yo - S
. = Fy 'f: ' Lt
LN TN A
Ny RSB S
NN AN O h
L AN AN -
L . ,"L P il [
. n 35
o - 3 .
o
. . . Sy ‘_-.‘ - - - )
! Recent Super-K limit 34

33. 1 1 1 1 L 1 L L 1 1 1 L 1 1 1 1 1 1 1 ] 33. L L 1 1 L 1
-40 -35 -30 -25 -20 -40 -35
l0g10|AY]

10910 Tiot(P)

1 1 1 1 1 1 1 J
3 -25 -20

-3.0
" oA+
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

Example: min. SO(10) H. Kole#tov, MM, arXiv: 161209178 [hep-|
13
C(p—7'7) o [K(ULD)11(DEN) 1+ k3(DED) 11 (ULN) 1|
/=1

neutral mesons total width

38 )
L . . s ‘a.. . al *\ K :_.“_'"'-’ |
37t T et 2 o 37t
L ..'. . . ' '.-l.';\ ) : : “J» |

= | o o 4700 rbS SRR S SR i H B N

- P - ., A RO RN |
Is) - "!ﬂ ! i I = L
Sl + Jos TN i 5 B
| B ey T o
2 L r Y ‘ k L ) . . €°>9- L
o .| Expected Hyper-K limit % ol
O . = I

il Recent Super-K limit “‘

1 1 1 1 1 1 1 1 J
3 -25 -20

1 1 1 1 1 J 1 1 1 1 1 1
-25 -20 -40 -35 -3.0
Ill * *
' g A+

1 1 1 1 1 1
-40 -35

.
log0|AY|
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Flavor structure of BLV currents

Planck-scale effects in Yukawas

Counter-example: Ripped SU(5) H. Kole#ovi, MM, arXiv: 161209178 [hep-|
1 3
[(p— 777) x 3 ( ?F@"‘ kS(DED)u(UéN)M
/=1

38 -

w
-

-gwnnu T

w
o

10910 Ttot(P)

-gnv

neutrino partial widths may be arbitrarily suppressed
|. Dorsner, P. Fileviez-Perez, PLB60
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IONS

Conclus



Thanks for your kind attention!



