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Dynkin’s descent
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Few contextual remarks

Future p-decay searches (proposals as of 2015)

The prospects of getting the Hyper-K built are improving...
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Japanese master plan for large scale research projects
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Few contextual remarks

Future p-decay searches (proposals as of 2015)

The prospects of getting the Hyper-K built are improving...

e HK became a part of the Japanese “Master plan.”

® The HK/T2HK collaboration is excited and active

e MOU signed on January 31| 2015

® The european part of the collaboration is just forming

e R&D funding secured (both the HK and T2K/J-PARC upgrade)
® A lively discussion about the near detector

® some 2 years delay w.r. to the LOI, realistic starting date 2025(?)
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Few contextual remarks

Future p-decay searches (proposals as of 2015)

LBNE is a mess...
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LBNE [—> LBNF [—> ELBNF %

DUNE

notoriously underfunded
(shared f. with beam upgrade)
total cost needed below | G$

admit surface variant only

neutrino beam + infrastructure

internationalization
LHC-like scheme

DUNE = Deep underground neutrino experiment, |0kt in phase |
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Future p-decay searches (proposals as of 2015)

LBNE is a mess...

LBNE [—> LBNF [—> ELBNF %

DUNE

notoriously underfunded
(shared f. with beam upgrade)
total cost needed below | G$

admit surface variant only

neutrino beam + infrastructure

internationalization
LHC-like scheme

DUNE = Deep underground neutrino experiment, |0kt in phase |

Convergence with the CERN activities!!!
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Few contextual remarks

Future p-decay searches (proposals as of 2015)
LAGUNA/LENA is being abandoned...

® | ocation issues

® |nterference of the nu-beam construction with the LHC schedule
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Few contextual remarks

Future p-decay searches (proposals as of 2015)
LAGUNA/LENA is being abandoned...

® | ocation issues

® |nterference of the nu-beam construction with the LHC schedule

CERN neutrino platform (as a part of the Medium Term Plan)

v CERN offers a platform for Neutrino detectors R&D. This platform is
now part of the CERN MTP. We will support this platform in an active
way and will help WA104, WA105 and others proposals in this initial
phase

v' CERN will construct a large neutrino test area (EHN1 extension) with
charged beams capabilities, available in 2016

v CERN will assist the EU neutrino community in their long term
common plans. For the moment CERN is not committing to any
neutrino beam at CERN, in view of an agreed road map between all
partners
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Few contextual remarks

Future p-decay searches (proposals as of 2015)
LAGUNA/LENA is being abandoned...

® | ocation issues

® |nterference of the nu-beam construction with the LHC schedule

CERN neutrino platform (as a part of the Medium Term Plan)

v CERN offers a platform for Neutrino detectors R&D. This platform is
now part of the CERN MTP. We will support this platform in an active
way and will help WA104, WA105 and others proposals in this initial
phase

v' CERN will construct a large neutrino test area (EHN1 extension) with
charged beams capabilities, available in 2016

v CERN will assist the EU neutrino community in their long term
common plans. For the moment CERN is not committing to any
neutrino beam at CERN, in view of an agreed road map between all
partners

Testbed for the ELBNF LAr TPC, ICARUS moving to FNAL etc.
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Regardless of what happens until Portoroz 2017...

p-decay sensitivity projection (HK in 2025)
Abe et al., arXiv:1109.3262 [hep-ex]
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Regardless of what happens until Portoroz 2017...

p-decay sensitivity projection (HK in 2025)
Abe et al., arXiv:1109.3262 [hep-ex]
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Accuracy of a factor of few in [, needed to make a case !
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Proton lifetime estimates



Baryon number violation from the SM perspective
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Baryon number violation from the SM perspective
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Baryon number violation from the SM perspective
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d=6 baryon number violation mediators

new Yukawa interactions? new gauge interactions?
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Such a new physics should be above 10'> GeV !??
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Can SM tell us anything about such a huge-scale dynamics!?

Running gauge couplings in the SM

Ms ~ 101°GeV
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Can SM tell us anything about such a huge-scale dynamics!?

Running gauge couplings in the SM +X + A
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Can SM tell us anything about such a huge-scale dynamics!?

Running gauge couplings in the SM +X + A
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Proton lifetime estimates in GUTs

SU(5) 1] R B
SUG)+L5 [2] pT —7e”
SU(5)+15 [3] N B
SU(5)+45 [4] I
SO(10)  [5 .
SU(5) 6] I
SU(5) 71
SO(10) [6] pt— Kty N
SO(10) 8] R

lifetime [years]: 1028 1032 103° 1040

Georgi, Quinn,Weinberg, PRL 33,451 (1974) Lee, Mohapatra, Parida, Rani, PRD 51 (1995)
Dorsner, Fileviez Perez, NPB 723, 53 (2005) Pati, hep-ph/0507307

]
6]
Dorsner, Fileviez Perez, Rodrigo, PRD75, 125007 (2007) [7] Murayama, Pierce, PRD 65. 055009 (2002)
Dorsner, Fileviez Perez, PLB 642, 248 (2006) 8] Dutta, Mimura, Mohapatra, PRL 94, 091804 (2005)
...and many more.

DLW N =
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Proton lifetime estimates in GUTs
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Georgi, Quinn,Weinberg, PRL 33,451 (1974) 5] Lee, Mohapatra, Parida, Rani, PRD 51 (1995)
Dorsner, Fileviez Perez, NPB 723,53 (2005) Pati, hep-ph/0507307

]
6]
Dorsner, Fileviez Perez, Rodrigo, PRD75, 125007 (2007) [7] Murayama, Pierce, PRD 65. 055009 (2002)
Dorsner, Fileviez Perez, PLB 642, 248 (2006) 8] Dutta, Mimura, Mohapatra, PRL 94, 091804 (2005)
...and many more.
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Main theoretical uncertainties in p-decay estimates

GUT scale determination

- at least two-loop running necessary!

49
48|
46/ i :
: : Mg :
45/ 0-81 i‘ ’i
} log, u[GeV]
44— L Credit: H. Kolesova

16.4 16.6 16.8 17.0 17.2 17.4

- requires a very good understanding of the whole spectrum

SUSY is “schizophrenic” in this respect...
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Main theoretical uncertainties in p-decay estimates

Flavour structure of the BLV currents

92

M6

Example:

Cijrueytdi diyuve  Cign = (VEVA) i (VEVi)i

- RH rotations enter here

- simple Yukawa sector desirable!
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Main theoretical uncertainties in p-decay estimates

Hadronic matrix elements
(%) Total error

Matrix element Wy(u = 2GeV) GeV?

(m*
(K?
(K?
(K™
(K™
(K™
(K™
(K™
(K™

(ud)pur,
(ud)rur
(ud)rdL
(ud)Ldr
(us)pur,
(us)Lur
(us)prdr
(us)Ldr
(ud)rsL
(ud)LsL
(ds)rur

(ds)ruL

(n|(ud) ruL
(nl(ud)LuL
Y.Aoki, E. Shintani,A. Soni, Phys.Rev. D89 (2014) 014505 (lattice)

p) —0.103 (23) (34)
p) 0.133 (29) (28)
p) —0.146 (33) (48)
p) 0.188 (41) (40)
p) 0.098 (15) (12)
p) 0.042 (13) (8)
p) —0.054 (11) (9)
p) 0.036 (12) (7)
p) —0.093 (24) (18)
p) 0.111 (22) (16)
p) —0.044 (12) (5)
p) —0.076 (14) (9)
p) 0.015 (14) (17)

p) 0.088 (21) (16)

40
30
40
30
20
36
26
39
32
25
30
22
147
30
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Main theoretical uncertainties in p-decay estimates

Planck scale effects

e %FW(@FW

- finite shifts in the gauge matching, can be as large as Aozz-_l ~ 1

Larsen,Wilczek, NPB 458,249 (1996)
G.Veneziano, |HEP 06 (2002) 051

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

NO POINT IN EVER TRYING NLO WITHOUT TAMING THESE!

Portoroz, April 9 2015 22 /many
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What to do about the Planck-scale effects?

L3 %FW@)FW

- absent @ d=5 if,e.g., P isnotin (Adj. ® Adj-)sym

SU(5) GUTs:
(24 @ 24) 5ym = 24 ® 75 ® 200

not many options - the rank should not get reduced...

SO(10) GUTs:
(45 @ 45) 5ym = 54 & 210 & 770

these, however, are the “usual” choices (though not minimal)...
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Minimal SO(10) GUT



The minimal SO(10) unification

Chang, Mohapatra, Gipson, Marshak, Parida 1985 SU(5) branches omitted

. Mc"MR+ ‘4,/ N R MR° s
— .

{210} (1,3,15) ‘% ize} 0,300 )

4 _

L 16} (1,2.9)
\\
0(10) o—uX il Jabs- G 2
{54} e 27T {as} (,1,15) 19 of
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The minimal SO(10) unification

Chang, Mohapatra, Gipson, Marshak, Parida 1985 SU(5) branches omitted
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Taming the Planck-scale effects in the minimal SO(10)

The leading Planck-scale effects absent in SO(10) GUTs broken by 45!

e %F“”(%}Fw — 0
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The minimal SO(10) unification

SO(10) broken by 45, rank reduced by 126 (90)o(¢P)o = ¢ijdij PriPri
(09)2(PP)2 = Dijdirdrj ik

Scalar potential: V' = V5 + V126 + Vinix (60)o = $ijdij, (EX*)o = Zijkim Eijrim
o (22*)0 (22*)0 = 2:i.‘iklmzrt'.jy'lclm21‘101"11‘2:zopqr
a a
‘/45 — _%'(¢¢)0 + ZO(¢¢)0(¢¢)O + 'Zz(¢¢)2(¢¢)2 ) (22*)2(22*)2 = Eijklmzzjklnzopqrmzzpqrn
Vigg = —1;_?(22*)0 (EX7)4(EX7)4 = Bijkim Eijkno Lpgrim Lpgrno
A 2 A s * * ; * , = iikim * T *
+ @(22*)0(22*)0 -+ ﬁ(zz )2(22 )2 (22 )4 (EE )4 2]“ Ezjknozpq l qurmo
A4 . i )\fl " " (22)2(22)2 = Yijkim Zijkin Xopgrm2opgrn
+ S (N a4 b 35 34 D7 03 338 D,
(3!)2(2!)2( AET)a (3!)2( e (9)2(ZZ%)2 = 84 Zkimni Zkimng
772 n* * * * *
o g W(Ezh(zzh 25 (4!2)2 (E*E%)2(X*EY)2, (00)o(EX%)0 = ¢ Pij EkimnoZkimno
Vinix = 1—7;(915)2(2}3*)2 p %(M)O(EZ*)O (06)4(2X%) 4 = ¢ij Pt Emnoii Emnoki
! f
® * ’ Vo = dij mnoi E:nno'
+ P GO+ 56000 (B2 SRR = ensR S

(¢¢)2 (22) 2 = ¢ij ¢ik Elmnoj 2lm‘nols:

N2 '7; * 0k
+ = YY)+ -= 27Y7)2.
4! (¢¢)2( )2 Al (¢¢)2( )2 (¢¢)2(2*2*)2 = ¢ij¢ik2;mnoj2{mnok
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The minimal SO(10) unincation

“Ruled out” in 1980’s

2

Mig10 = 202(wr—wy)(wr+ 2wy)
m%1,3,0) = 2as(wy — wWR)(wy + 2wg)

Yasue 1981, Anastaze, Derendinger, Buccella 1983, Babu, Ma 1985
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The minimal SO(10) unincation

“Ruled out” in 1980’s

m%&l,O) = 2as(wr —wy)(wr + 2wy)
m%1,3,0) = 2as(wy — wWR)(wy + 2wg)

Yasue 1981, Anastaze, Derendinger, Buccella 1983, Babu, Ma 1985

Aaarrrggh... tachyonic spectrum unless 1 < |wy /wg| < 2

<45> X To

|
S
|~<

SU(5)-like vacua only, not far from the “SM running”!
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The minimal SO(10) unincation

“Ruled out” in 1980’s

2 _
m(&l,O) = 2as(wr —wy)( 2wy )

m(l 3,0) + 2wp)
Yasue 1981, Anasta erendi ' Buccell 83, Babu, Ma 1985
Aaarrrggh... tachyonic spectrum unless ; < |wy /wg| < 2

; Wy
Wy

<45> — WY ® ,7.2
WR :
\ WR ) "<§\‘ l
SU(5)-like vacua only, not far from the “SM running”! & \e i
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The minimal SO(10) unincation

Quantum salvation in 2010

Pl !
One-loop effective potential:  ¢-----.. / S— ¢
1 & ' T
\\\\.X-",I
® (#) (9)® & (@) (9) &
\‘ ’,r"x-“\\ ’/, \\\ ”1
? ------ \-"I ‘|,_I, ------ ? ? ------ \ B e e (?
51‘\ I',B g2 g2
\\\~X-",’
1
Am%l,&o) = = [7’2 + 3*(2w% — wrwy + 2wi) + ¢ (16w]2% + wywpr + 19w32/)] + logs,
1
Amis, o) = ywes (7% + % (wh — wrwy + 3wy ) + ¢" (13wF 4+ wywr + 22wy )] + logs,

Bertolini, Di Luzio, MM, PRD 81,035015 (2010)
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The minimal consistent SO(10) unification

“Consistency is the last refuge
of people without imagination”

Oscar Wilde
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The minimal consistent SO(10) unification

Chang, Mohapatra, Gipson, Marshak, Parida (1985) “Consistency is the last refuge
Deshpande, Keith, Pal (1993) of people without imagination”

Bertolini, Di Luzio, MM (2009) o Wild
scar Wilde

Simple estimates: Meesaw ~ 10'° GeV' => too heavy LH neutrinos!?

multiple Yukawa finetuning?
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The minimal consistent SO(10) unification

Chang, Mohapatra, Gipson, Marshak, Parida (1985) “Consistency is the last refuge
Deshpande, Keith, Pal (1993) of people without imagination”

Bertolini, Di Luzio, MM (2009) o Wild
scar Wilde

Simple estimates: Meesaw ~ 10'° GeV' => too heavy LH neutrinos!?

multiple Yukawa finetuning?

Enough to make the fine-tunning (if you like) elsewhere.

Two other potentially realistic minimally fine-tuned
& consistent scenarios with “light” scalars:

(8,2, +2) (6,3,+3)

Bertolini, Di Luzio, MM, PRD85 095014 2012
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A funny coincidence :-)

Higgs Uncovering Light Scalar Remnants of High Scale Matter Unification

Ilja Dorsner*®
Department of Physics, University of Sarajevo, Zmaja od Bosne 33-35, 71000 Sarajevo, Bosnia and Herzegovina and
J. Stefan Institute, Jamova 39, P. O. Bozx 3000, 1001 Ljubljana, Slovenia

Svijetlana Fajfer'
Department of Physics, University of Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia and
J. Stefan Institute, Jamova 39, P. O. Boz 3000, 1001 Ljubljana, Slovenia

Admir Greljo?
J. Stefan Institute, Jamova 39, P. O. Bozx 3000, 1001 Ljubljana, Slovenia

Jernej F. Kamenik!
J. Stefan Institute, Jamova 39, P. O. Box 3000, 1001 Ljubljana, Slovenia and
Department of Physics, University of Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia

We consider the impact of colored scalars that can couple directly to matter fields on the recently
measured h — 7y excess. Among all possible candidates only scalar states transforming as (8, 2,1/2)
and (6,3, —1/3) under the Standard Model gauge group can individually accommodate the excess
and remain in agreement with all available data. Current experimental constraints require such
colored states to have an order one coupling to the Standard Model Higgs and a mass below 300 GeV.
We use the best fit values to predict the correlated effect in A — Z~ and di-Higgs production. We
furthermore discuss where and how these states appear in extensions of the Standard Model with
primary focus on scenarios of matter unification. We revisit two simple SU(5) setups to show that
these two full-fledged models not only accommodate a light color octet state but correlate its mass
with observable partial proton decay lifetimes.

JHEP 1211 (2012) 130
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Towards a consistent & potentially realistic SO(10) scenario

Case I: light (8,2,+2) @ oneloop Bertolini, Di Luzio, MM, PRD 85,095014 (2012)
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Towards a consistent & potentially realistic SO(10) scenario

Case I: light (8,2,+2) @ oneloop Bertolini, Di Luzio, MM, PRD 85,095014 (2012)
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Towards a consistent & potentially realistic SO(10) scenario

Case I: light (8,2, +1) @ LO Bertolini, Di Luzio, MM, PRD 85, 095014 (2012)
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Towards a consistent & potentially realistic SO(10) scenario

Case I: light (8,2, +1) @ NLO

1017

: Bertolini, Di Luzio, MM, PRD 85, 095014 (2012)
- wr|[GeV]

Hyper-K 2040 [l 7 = 20 x 107y

B >90x10%y

T L3i% 107y
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Towards a consistent & potentially realistic SO(10) scenario

Case I: light (8,2, +1) @ NLO

7 Bertolini, Di Luzio, MM, PRD 85, 095014 (2012
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Case I: light (8,2, +1) @ NLO

1017 Bertolini, Di Luzio, MM, PRD 85,095014 (2012)
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Towards a consistent & potentially realistic SO(10) scenario

Case II: light (6,3, +1)@ NLO H. Kole3ova, MM, PRD 90, 1 15001 (2014)

wg [GeV]
1x10" 7 > 20 x 10%y

B 7 > 9.0 x10%y

5% 1016} 34
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T T L
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Towards a consistent & potentially realistic SO(10) scenario

Case II: light (6,3, +1)@ NLO H. Kole3ova, MM, PRD 90, 1 15001 (2014)

wg [GeV]
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O .
\ ¢
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T T T
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Conclusions / outlook

It>s almost impossible to calculate the proton lifetime
accurately enough to make the experimentalists happy...

The minimal SO(10) broken by a scalar 45 is very special

At the majority of the allowed parameter space it says that

either
one should see a scalar color octet @ LHC
or

one should see proton decay @ Hyper-K
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Thanks for your kind attention!



