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Leptogenesis in unified models

1) The vanilla F-Y leptogenesis is sterile - no specific prediction

( B on its own does not represent any strong constraint on type-| seesaw)
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Leptogenesis in unified models

1) The vanilla F-Y leptogenesis is sterile - no specific prediction

( B on its own does not represent any strong constraint on type-| seesaw)
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Leptogenesis in unified models

1) The vanilla F-Y leptogenesis is sterile - no specific prediction

( B on its own does not represent any strong constraint on type-| seesaw)

3 1 Mf) hierarchy 3 V7 3 m2Im[R7,]

g1~ — Im[(YnaYi)2, ( —
! 167 (YNYJQ;)HZ (YNYy)ulf M12 g 167 02 Zimz”Rli’Q

1

1
Cassas-lbarra: Yy = ~V M R\/mV

J.A. Casas and A. Ibarra, Nucl. Phys.B 618, 171 (2001)
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Leptogenesis in unified models

1) The vanilla F-Y leptogenesis is sterile - no specific prediction

( B on its own does not represent any strong constraint on type-| seesaw)

3 1 ME) hierarchy 3 V7 3 m2Im[R7,]

£1 R — Im[(YnYi)2, ( —
! 167 (YNYJQ;)HZ (YNYy)ulf M12 g 167 02 Zimz”Rli’Q

1

1
Cassas-lbarra: Yy = ~V M R\/mV

J.A. Casas and A. Ibarra, Nucl. Phys.B 618, 171 (2001)

3 M1 (m3 — ml)
167 v?

S. Davidson and A. Ibarra, Phys. Lett. B535,25 (2002)

NB Davidson-lbarra |e;1| < valid only for hierarchical RHNs

Michal Malinsky, IPNP Prague Leptogenesis in unified models Corfu, August 31 2024 5 /many



Leptogenesis in unified models

2) No need to be sorry for perturb. B violation along with F-Y
(unifications are in truly LG - friendly)
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2) No need to be sorry for perturb. B violation along with F-Y
(unifications are in truly LG - friendly)

- RHN are often a must, other options (e.g. scalar SU(2) triplet)

= their mass scale is typically constrained . .
yPIcaly } calculability, testability (?)

= the flavour structure is also constrained
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Leptogenesis in unified models

2) No need to be sorry for perturb. B violation along with F-Y
(unifications are in truly LG - friendly)

- RHN are often a must, other options (e.g. scalar SU(2) triplet)
- their mass scale is typically constrained

} calculability, testability (?)
= the flavour structure is also constrained

Minimal SO(10): Yovu = Yigvl0 + Yiggul2

10 126 I
Yovg = Yiovg + Yi26vy M* < Yi26VB—1,
II 2
Y, v, = Y10v50—3Y126v,‘1L26 m'* x Y1960 /VB_1,
10 126
Yl’Ud = Yl()’Ud _3Y126'Ud
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Leptogenesis in unified models

2) No need to be sorry for perturb. B violation along with F-Y
(unifications are in truly LG - friendly)

- RHN are often a must, other options (e.g. scalar SU(2) triplet)
- their mass scale is typically constrained

} calculability, testability (?)
= the flavour structure is also constrained

Minimal SO(10): Youu = Yigvil + Vigguli2®

10 126 I
Yovg = Yiovg + Yi26vy M* < Yi26VB—1,
II 2
Y, v, = Y]_OU,I]LO—SY126U,I]L26 m'* x Y1960 /VB_1,
10 126
Yl’Ud = Y'IO'Ud _3Y126'Ud

Extra constraints from B-asymmetry may have a great discrimination power!
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Leptogenesis in unified models

3) In (G)UTs LG often dominates over the inherent high-scale BG
(scales matter a lot!)
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(scales matter a lot!)

GUT-scale baryogenesis: see e.g. P Langacker, Phys.Repts. 72, No. 4 (1981) 185--385
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- OOE B-violating decays of heavy states
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Leptogenesis in unified models

3) In (G)UTs LG often dominates over the inherent high-scale BG
(scales matter a lot!)

GUT-scale baryogenesis: see e.g. P Langacker, Phys.Repts. 72, No. 4 (1981) 185--385

- OOE B-violating decays of heavy states

- (colour triplet) scalars work better than gauge fields (details model dep.)

['(Ac — qq) # (A7 — ¢q)

- order of 1013 GeV limit on their mass from p-stability, way above the D-| limit

- the RHN mass scale in is often well below this [e.g. the minimal SO(10)]
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Outline

Minimal flipped SU(5) UT
- LG is the leading source of baryon asymmetry (Mr two loops below Mg)

- the extra constraint from 713 has a profound impact on its predictivity

Minimal SO(10) GUT

- old-time flavour fits (nontrivial) are surprisingly compatible with 7p

- B-L scale can be determined without ever looking at gauge unification
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Leptogenesis in the minimal flipped SU(5)

MM, V. Miratsky, R. Fonseca, M. Zdrahal, PRD | 10, 015030 (2024)
based on: D. Harries, MM, M. Zdrahal, PRD 98, 095015 (2018)
C.Arbelaez Rodriguez, H. Kolesova, MM PRD 89, 055003 (2014)
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Flipped SU(5) one-minute course

SO(10) D SU(5) x U(1)z

Matter: 165, > (10,+1)a @ (5, —3)p @ (1,4+5) p
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Flipped SU(5) one-minute course

SO(10) D SU(5) x U(1)z

Matter: 165/ 2 (10,+1)a @ (5, =3)as @ (1, 45) s

2 possible Ysm assignments:

_ T
T
5 ) ) ) MV:ME

Symmetry breaking: 165 > (10,41) gy SU(5) x U(1) to the SM
10> (5,-2)y SM to the QCD x QED
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Flipped SU(5) one-minute course

SO(10) D SU(5) x U(1)z

Matter: 165/ 2 (10,+1)a @ (5, =3)as @ (1, 45) s

2 possible Ysm assignments:

_ T
Flipped: Y = 5(Z —T24) d° VQ V° ucV L ;C Ma = Mg
5 ) ) ) M, — Mg

Symmetry breaking: 165 > (10,41) gy SU(5) x U(1) to the SM

10> (5,-2)y SM to the QCD x QED
XY’
Gauge sector: 5¢ > (24,0)¢ ®(1,0)¢ > (3.2, — )¢ + h.c
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BLNYV nucleon decays in flipped SU(5) - one Uy rules them all

I'(n—n ¢ T'(n— ')
I'(n— K ¢Y) T'(n— K)

['(n — nv)

Michal Malinsky, IPNP Prague Leptogenesis in unified models Corfu, August 31 2024 | I/many



BLNYV nucleon decays in flipped SU(5) - one Uy rules them all

F(p — 7'('0632) F(p — 71'""7) F(n — W_gjx_) F(n — 7'('07)

I'(p— K%) I'(p— KD I'(n— K ¢Y) T'(n— K)

['(p—nty) ['(n —nv)
—
Nath, Fileviez-Perez, Phys.Rept.441
Charged mesons: I'(p— Ktp)=0 Dorsner, Fileviez-Perez, PLB605

(no flavour ambiguity!)

4
m
(o> 777) = (4 ) 2 A jaP (14 D+ FP
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BLNYV nucleon decays in flipped SU(5) - one Uy rules them all

I'(p— woﬁjx‘) I'(p— ntD) I'(n—n ¢ T'(n— ')

F(p — Koﬁg) F(p — K"‘ﬁ) F(TL — K_Q_) F(n — Kof)

['(p—nty) ['(n —nv)
e T ————————
Nath, Fileviez-Perez, Phys.Rept.441
Charged mesons: I'(p— Ktp)=0 Dorsner, Fileviez-Perez, PLB605

(no flavour ambiguity!)

4
m
(o> 777) = (4 ) 2 A jaP (14 D+ FP

Neutral mesons:

1
L(p— n'tt) = §F(p — 7 D) (Verm) 12| (Vermns Us)atl?

m, = Ul D,U,

Constraining U, yields constraints for ALL 2-body BNV channels!!!
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RH neutrino masses in the flipped SU(5)

Tree level: 1037 Y50107 (505 ) OK in principle but overkill
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RH neutrino masses in the flipped SU(5)

“Witten’s loop” option: C.Arbelaez-Rodriguez, H. Kolesova, MM PRD89

10
105) N T (104)
|
|

\ 10g
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The Witten's loop

NEUTRINO MASSES IN THE MINIMAL O(10) THEORY * Phys. Lett. B91 (1980) 81

Edward WITTEN !
Lyman Laboratory of Physics, Harvard University, Cambridge, MA 02138, USA

Received 6 December 1979

Neutrino masses are discussed in the context of the O(10) grand unified theory. In the “minimal” form of this theory,
with minimal Higgs and fermion content, the right-handed neutrinos acquue masses at the two Ioop’ level. The left-handed
neutrino masses are correspondingly larger by a factor roug C .
could acquire mass at the tree level. In the simplest form of this theory, the neutrino mass matrix is proportional to the up
quarE mass matrix, and the neutrino mixing angles equal the usual Cabibbo angles. The neutrino masses will be roughly in

the range 10°*2 eV depending on the strength of O(10) symmetry breaking, and on certain unknown ratios of masses and
couplings of superheavy particles.
¢ Z

(16 5),
@\ ral
é R »  + CROSSED
(10,5) (45,10) (45,10)
VR VR
e >— > B Zrerem
(16,1} (16,5) (16,10) (16,1)
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Witten’s mechanism in the minimal flipped SU(5)

Flipped SU(S) Witten’s |OOP anatomy: C.Arbelaez-Rodriguez, H. Kolesova, MM PRD89

NB first mention of this in the flipped SU(5) context : Leontaris,Vergados, PLB 258 (1991)
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Witten’s mechanism in the minimal flipped SU(5)

Flipped SU(S) Witten’s |OOP anatomy: C.Arbelaez-Rodriguez, H. Kolesova, MM PRD89

1
(1672)2

My =

NB first mention of this in the flipped SU(5) context : Leontaris,Vergados, PLB 258 (1991)
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Witten’s mechanism in the minimal flipped SU(5)

Flipped SU(S) Witten’s |OOP anatomy: C.Arbelaez-Rodriguez, H. Kolesova, MM PRD89

(10m) &

\

¢ (10q)
|

| 92
\ 10y 1«

-

1 4
(1672)27

My =

NB first mention of this in the flipped SU(5) context : Leontaris,Vergados, PLB 258 (1991)
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Witten’s mechanism in the minimal flipped SU(5)

Flipped SU(S) Witten’s |OOP anatomy: C.Arbelaez-Rodriguez, H. Kolesova, MM PRD89

M5H10H10H

1
(1672

MM — )294/,6-

NB first mention of this in the flipped SU(5) context : Leontaris,Vergados, PLB 258 (1991)
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Witten’s mechanism in the minimal flipped SU(5)

Flipped SU(S) Witten’s |00p anatomy: C.Arbelaez-Rodriguez, H. Kolesova, MM PRD89

M5H10H10H
1037Y10100/51
1 4
MM T (167T2)29 /’LY10

NB first mention of this in the flipped SU(5) context : Leontaris,Vergados, PLB 258 (1991)
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Witten’s mechanism in the minimal flipped SU(5)

Flipped SU(S) Witten’s |00p anatomy: C.Arbelaez-Rodriguez, H. Kolesova, MM PRD89

M5H10H10H
1071010055
Mas — 1 4 Y, <1OH>2
M — (167T2)29 /’L 10 Mg{

NB first mention of this in the flipped SU(5) context : Leontaris,Vergados, PLB 258 (1991)
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Witten’s mechanism in the minimal flipped SU(5)

Flipped SU(S) Witten’s |OOP anatomy: C.Arbelaez-Rodriguez, H. Kolesova, MM PRD89

9 ogl0yg10gy
100/ Y10100s5 1
1 102 )2 O( ) factor depending
My = 4 < H> K() on the details of

the heavy spectrum

NB first mention of this in the flipped SU(5) context : Leontaris,Vergados, PLB 258 (1991)
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Seesaw - the key to phenomenology

D, UI'D;U*D, = My,
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Seesaw - the key to phenomenology

D, UI'D;U*D, = My,

Witten’s loop structure
Perturbativity, non-tachyonicity of the spectrum:

D, UID;'UD,| S K(...)x107*Mx

Michal Malinsky, IPNP Prague Leptogenesis in unified models Corfu, August 31 2024 | 5/many



Seesaw - the key to phenomenology

D, UI'D;U*D, = My,

Witten’s loop structure
Perturbativity, non-tachyonicity of the spectrum:
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Seesaw - the key to phenomenology

D, UI'D;U*D, = My,

Witten’s loop structure
Perturbativity, non-tachyonicity of the spectrum:

D, UID,; U D, | S K(...)[x1072Mx)~101 GeV

U, structure is strongly constrained !

1010—00 0 0 10_3 O O
D, looks like ( 0 10%71 ) GeV-! D, ~ 0 10 0 |GeV
0 0 1019 2
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Seesaw - the key to phenomenology

D, UI'D;U*D, = My,

Witten’s loop structure
Perturbativity, non-tachyonicity of the spectrum:

D, UID,; U D, | S K(...)[x1072Mx)~101 GeV

U, structure is strongly constrained !

1010—00 0 0 10_3 O O
D, looks like ( 0 1010710 ) GeV-! D, ~ 10 0 |GeVv
2

-

0 0 1019

Severity of these constraints depends on the lightest neutrino mass...
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The parameter space (ms, Uy)

U, angular behaviour:

—Log|m/eV]
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The parameter space (ms, Uy)

U, angular behaviour:
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The parameter space (ms, Uy)

U, angular behaviour:

—Log|m/eV]
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How about K?

D. Harries, MM, M. Zdrahal, PRD 98, 095015 (2018)

M3 3ML  Milog (M%) 3

TIME T AMic T 2ME- 2e

UV divergences (dim. reg.):

Exactly cancel among the three topologies

m2 .
My S1072Mx x 1071 %3 Y (Ua)i (UR)in 1 ( 2@)
m
i=1,2 X

NB. Zero-momentum two-loop integrals: M.J.G.Veltman, J.Van der Bij, Nucl. Phys. B231, 205 (1984)

Michal Malinsky, IPNP Prague Leptogenesis in unified models Corfu, August 31 2024 | 9/many



Uy features in proton decay rates

Unlikely to have both ['(p = T1%*) and [ (p — TTOU*) arbitrarily suppressed
(in the “small” msregime)

AT RN - “ 7
AORY i it oty

Oo; doi YA LY & ol e B i ks

: . : 'Y (A S

A L

o b
- ‘ . .
-
t
»

V

growing
D,

0.2

0.1

0'—04.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0

log( &%)

C.Arbelaez-Rodriguez, H.Kolesova, MM, PRD89

Michal Malinsky, IPNP Prague Leptogenesis in unified models Corfu, August 31 2024 20/many



Uy features in proton decay rates

Unlikely to have both ['(p = T1%*) and [ (p — TTOU*) arbitrarily suppressed
(in the “small” msregime)

AT RN - ‘7
| RN X -

K
&
© l
2 &
O
-
o0

C.Arbelaez-Rodriguez, H.Kolesova, MM, PRD89
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The “large” m; regime!

Successful LG may be non-trivial (if possible at all) here
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The “large” m;regime!

Successful LG may be non-trivial (if possible at all) here

D, UID;YUD, = My

- RHN spectrum tends to be hierarchical and suppressed - conflict with Davidson-Ibarra

Michal Malinsky, IPNP Prague Leptogenesis in unified models Corfu, August 31 2024 2| /many



The “large” m;regime!

Successful LG may be non-trivial (if possible at all) here

D, UID;YUD, = My

- RHN spectrum tends to be hierarchical and suppressed - conflict with Davidson-Ibarra

M3/ My, = M,/ M; = 1000

M3/ M, = M/ M; = 100 i M3/ M; = M,/ M; = 10

1077 107 ¢ T e e T ee————————
& 1078 | 1078 | 1078 |-
b L r~’.: .:‘. Bl e, ) e o
8 g5 :...:.. '.,' s
g 9 & o Tar gt 8¢ o 9 " .--. . %% .., .‘ Wl 9 * i
p_‘ = [ e e . - L _etas . . ¢ — |
& 10 : 10 ak 10 E

0% 107 10?7 107! 1 0% 107 10 107 1 0% 100  10* 107! I
lightest vmass m3 ineV lightestvmass m3; ineV lightest vmass m3; ineV

T. Hambye, Y. Lin, A. Notari, M. Papucci, A. Strumia, Nucl.Phys.B 695 (2004)
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The “large” m;regime!

Successful LG may be non-trivial (if possible at all) here

D, UID;YUD, = My

- RHN spectrum tends to be hierarchical and suppressed - conflict with Davidson-Ibarra

M3/ My, = M,/ M; = 1000 M3/ My, = M>/M; = 100

M3/ M, = M/ M; = 10

1077 ¢ 1077 ¢ 1077 Ty
5 1078 1078 | 1078 |-
b _r~ .:‘. : . .°; F e
© Lt w5
é, e F % B
% 9 & o fal W oo e 9 . ..--. . %% .., .‘ Wl 9 * i
p_‘ = L Fevie; e .o - | et " ] ¢ - |
& 10 : 10 ak 10 E

10710 b e e ‘ ‘ C 10710 L e 10710 Lo« Sermm 2 woumen wossteem 0 osuvomn

10t 10 107 107! 1 10t 10 10 107 1 10t 10 10 107! I
lightest vmass m3 ineV lightestvmass m3; ineV lightest vmass m3; ineV

T. Hambye, Y. Lin, A. Notari, M. Papucci, A. Strumia, Nucl.Phys.B 695 (2004)

- Again, U,, can not be arbitrary =9 further constraints on BLNV rates (?)
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Thermal leptogenesis in the minimal flipped SU(5) a la Witten

Detailed numerical analysis MM,V. Miratsky, R. Fonseca, M. Zdrahal, PRD 110, 015030 (2024)
using ULYSSES A Granelli, K.Moffat, Y.F. Perez-Gonzalez, H. Schulz, ]. Turner, Comput.Phys.Commun. 262 (2021)
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Thermal leptogenesis in the minimal flipped SU(5) a la Witten

Detailed numerical analysis MM,V. Miratsky, R. Fonseca, M. Zdrahal, PRD 110, 015030 (2024)

using ULYSSES A Granelli, K.Moffat, Y.F. Perez-Gonzalez, H. Schulz, ]. Turner, Comput.Phys.Commun. 262 (2021)
I'ﬁo =103V
l0g10 5"
- .

" T Large decoherence region
10.4 / -

log10(M2/GeV)

i

-14
8.0

8.0 8.4 8.8 9.2 e
log10 (M1/GeV)
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Thermal leptogenesis in the minimal flipped SU(5) a la Witten

Detailed numerical analysis MM,V. Miratsky, R. Fonseca, M. Zdrahal, PRD 110, 015030 (2024)

using ULYSSES A Granelli, K.Moffat, Y.F. Perez-Gonzalez, H. Schulz, ]. Turner, Comput.Phys.Commun. 262 (2021)

fﬁo =103V fﬁo =10"14%eVv
log10 Ng"* 10910 75"
5 R =
- T Large decoherence region M2 > M3
10.4 / 9.6

..o---....--..._......Domain B

— S 88! |
% 3 3¢
) Q
o~ o
Y Sy
S =
S — . -
o 88 8 80 ...~ Domain A
-13 -13
" M1> M2
- -14
8.0 7.
=—15 —
80 84 88 92 72 716 80 84 88
log10 (M1/GeV) log10 (M1/GeV)
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Thermal leptogenesis in the minimal flipped SU(5) a la Witten

Detailed numerical analysis MM,V. Miratsky, R. Fonseca, M. Zdrahal, PRD 110, 015030 (2024)

using ULYSSES A Granelli, K.Moffat, Y.F. Perez-Gonzalez, H. Schulz, ]. Turner, Comput.Phys.Commun. 262 (2021)
Iﬁo =103V I'flo =10"14%eVv
l0g10 Ng"™ log10 Ng"*
- -8

_ :/ Large decoherence region Mo > Ms

9.6

-
.
.
...
‘e
y .
------
PETT L L S 00 RN
....
. .
.....

- .

. S 88 _
% T -
O Q
o~ o
< =
- B
>
>
o 8.8 2
53
8.0 s
l_15
8.0 8.4 8.8 9.2 72 7.6 8.0 8.4 8.8
log10 (M1/GeV)

logi10 (M1/GeV)
No-go for “large” m; > 10-1-5 eV! No signal in KATRIN, BR(p—1%u+)<0.09
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Leptogenesis in the minimal SO(10)

K. Jarkovska, MM,V. Susic, PRD 108, 055003 (2023)
based on : K. Jarkovska, MM, T. Mede,V. Susic, PRD 105, 095003 (2022)
MM, D. Stary,V. Susic, in preparation
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The minimal potentially realistic & calculable SO(10) GUT

SO(10) broken by 45
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The minimal potentially realistic & calculable SO(10) GUT

SO(10) broken by 45 Why!?
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The minimal potentially realistic & calculable SO(10) GUT

SO(10) broken by 45 Why!?

GUT scale is difficult to determine: L3 %F“”(@}FMV
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The minimal potentially realistic & calculable SO(10) GUT

SO(10) broken by 45 Why!?

GUT scale is difficult to determine: L3 %FW@I)}FW

K
The 45 breaking is very special: L3 KF'LW <45>F;w =0

(45 ® 45) 3ym = 54 ® 210 & 770
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The minimal potentially realistic & calculable SO(10) GUT

SO(10) broken by 45 Why!?

GUT scale is difficult to determine: L3 %FW<<I>>FW

K
The 45 breaking is very special: L3 KF'LW <45>F;w =0

(45 @ 45) 5ym = 54 @ 210 & 770

Minimal renormalizable model scalar sector: 45+126+10
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The minimal potentially realistic & calculable SO(10) GUT

SO(10) broken by 45 Why!?

GUT scale is difficult to determine: L3 %F“”(@}FMV

K
The 45 breaking is very special: L3 KF'LW <45>F;w =0

(45 @ 45) 5ym = 54 @ 210 & 770

Minimal renormalizable model scalar sector: 45+126+10

Yove = Yiou.l + Yiggup®

Yova = Yioug + Yizevgw ~— M'ox YisVa-r
Yv, = Ylov,llLO — 3Y126v11b26 m'! o Yi260° /VB_rL
Yivg = Yiovy’ — 3Y126v,°°
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Minimal SO(10) Yukawa sector fits

|9 parameters (6 compact) , 3+3+4 (quarks) + 3+2+3 (leptons) masses+mixings!!!

Yove = Yiouy + Yigevy®

Yova = Yiovg + Yievg ' — M' o Yia6Vp-r

Y v, = Ylo’UZILO — 3Y126’U}L26 m” X Y126712/VB—L
Yivg = Yiovy’ — 3Y126v,°°
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Minimal SO(10) Yukawa sector fits

|9 parameters (6 compact) , 3+3+4 (quarks) + 3+2+3 (leptons) masses+mixings!!!

Yuvu = YlO'Uzll,O + )/i26vzll,26

Yova = Yioug + Yizevgw — M' o YiagVe_r
Yo, = Ylovtlbo — 3Y126v526 m'! o Y160? /VB_rL
Yivg = Yiovy’ — 3Y126v,°°

Many attempts... T. Ohlsson, M. Pernow, |HEP 06 (2019) 085
S. M. Boucenna, T. Ohlsson, and M. Pernow, Phys. Lett. B 792,251 (2019)
K.S. Babu, B. Bajc, and S. Saad, |. High Energy Phys. 02, 136 (2017)
D. Meloni, T. Ohlsson, and S. Riad, J. High Energy Phys. 03,045 (2017)
K.S.Babu and S. Khan, Phys. Rev. D 92,075018 (2015)
D. Meloni, T. Ohlsson, and S. Riad, J. High Energy Phys. 12,052 (2014)
G.Altarelli and D. Meloni, J. High Energy Phys. 08,021 (201 3)
A. Dueck and W. Rodejohann, J. High Energy Phys. 09,024 (201 3)
A.S. Joshipura and K. M. Patel, Phys. Rev. D 83,095002 (2011)

... and others
(sorry to all those not listed here!)
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Minimal SO(10) Yukawa sector fits

|9 parameters (6 compact) , 3+3+4 (quarks) + 3+2+3 (leptons) masses+mixings!!!

Yovu = Yiov, + Yigev, '

Yovg = Yiovg + Yioevg™® M' x Y126V5_1,

Y v, = Yl()’vzlto — 3Y126’UQIL26 m’! o Y1267]2/VB—L
Yivg = Yiovy — 3Y12604°"

Many attempts... T. Ohlsson, M. Pernow, |HEP 06 (2019) 085
S. M. Boucenna, T. Ohlsson, and M. Pernow, Phys. Lett. B 792,251 (2019)
K.S. Babu, B. Bajc, and S. Saad, |. High Energy Phys. 02, 136 (2017)
D. Meloni, T. Ohlsson, and S. Riad, J. High Energy Phys. 03,045 (2017)
K.S.Babu and S. Khan, Phys. Rev. D 92,075018 (2015)
D. Meloni, T. Ohlsson, and S. Riad, J. High Energy Phys. 12,052 (2014)
G.Altarelli and D. Meloni, J. High Energy Phys. 08,021 (201 3)
A. Dueck and W. Rodejohann, J. High Energy Phys. 09,024 (201 3)
A.S. Joshipura and K. M. Patel, Phys. Rev. D 83,095002 (2011)

... and others
(sorry to all those not listed here!)

Our toolchain: REAP + MixingParameter Tools, differential evolution, ...
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Minimal SO(10) Yukawa sector fits

Observable Fit Pull
my [MeV] 1.23 —7.24 x 1073
m. [GeV] 0.632 0.686
my [GeV] 167.3 —0.593
mq [MeV] 2.46 —1.08
my [MeV] 54.92 0.381
my [GeV] 2.841 0.0851
ST 0.2250 —0.0363
Best fit point:  sin <M /1073 3.69 —0.148
sin OSFM /102 4.161 —0.276
dCKM 1.147 0.379
Am3, [10~%eV?] 7.54 0.613
Am?, [107%eV?] 2.502 —0.315
me [MeV] 0.4843 0.253
m,, [GeV 0.1021 0.285
m, [GeV 1.727 —0.117
sin? GV INS 0.311 0.696
e A 2.138 —1.10
el 0.432 —1.48

¢ - O
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Minimal SO(|0) flavour-related “predictions”

Very preliminary, sorry for the missing estimates of uncertainties - TBD

Observable Prediction
lognp —10.47

my [meV 4.21

my [meV 9.65

mg [meV 50.2

M, [GeV 1.01 x 1010
M, [GeV 2.12 x 10
M; [GeV] 9.68 x 1011
ocp 4.64

o 5.16

0o LIT

See also V.S. Mummidi, K. Patel, JHEP 12 (2021) 042
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Minimal SO(|0) flavour-related “predictions”

Very preliminary, sorry for the missing estimates of uncertainties - TBD

Observable Prediction
log s in the right ballpark!
my [meV 4.21

my [meV 9.65

mg [meV 50.2

M, [GeV] 1.01 x 1010
M, [GeV] 2.12 x 101
M; [GeV 9.68 x 1011
Ocp 4.64

P1 5.16

i g

See also V.S. Mummidi, K. Patel, JHEP 12 (2021) 042
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Minimal SO(|0) flavour-related “predictions”

Very preliminary, sorry for the missing estimates of uncertainties - TBD

Observable Prediction
lognp —10.47

my [meV 4.21

my [meV 9.65

mg [meV 50.2

M, [GeV 1.01 x 1010
M, [GeV] 2.12 x 10'* | Nj-dominated TLG!
M; [GeV] 9.68 x 10!
Ocp 4.64

P1 5.16

0D 1.77

See also V.S. Mummidi, K. Patel, JHEP 12 (2021) 042
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Minimal SO(|0) flavour-related “predictions”

Very preliminary, sorry for the missing estimates of uncertainties - TBD

Observable Prediction
lognp —10.47

my [meV 4.21

my [meV] 9.65

mg [meV 50.2

M, [GeV] 1.01 x 1010
M, [GeV] 2.12 x 101
M; [GeV 9.68 x 1011
dcp large Dirac CP phase!
o 5.16

i 177

See also V.S. Mummidi, K. Patel, JHEP 12 (2021) 042
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A curiosity:
determination of the B-L scale
without ever looking at gauge unification constraints(!)

Reason:
Heavy thresholds (a.k.a. scalar spectrum)
are largely out of control even in the minimal SO(10)



The minimal SO(10) Higgs model

Scalar potential: V' = V5 + Viog + Viix

;1,2 ao az
Vis = —7(41545)0 £ Z(¢¢)0(¢¢)0 EE Z(¢¢)2(¢¢)2 ;

Vizo = — (55",
& (;‘82(22*)0(22*)0 + (;\!2)2 (ZX*)2(ZX%),
T (3!)/2\?2!)2 (ZX*)4(ZX%)4 + (?:\!%2 (22 )5 (BB )ar
+ (B (ED) + (3%2(2*2*)2(2*2*)2,

Vinix: = 77 (9)2(Z5")2 + 57 (66)0(EZ")o

L (0055 + S (60)u (557

+ 2(09)2(5D)2 + 22 (69)2(575")a

_I_

(P0)o(PP)o = hijPij Pridri

(00)2(PP)2 = 0ijPir b1 Dik
(BP)o = Pijhij, (XX*)o = Xijkimijkim
(EX*)o(XX%)o = Zijklmzfjklmznopqrz*

nopqr

(22*)2(22*)2 = Eijklmzzjklnzopqrmzzpqrn
(ZE*)4(22*)4 = Eijklmzzjknozpqumz;;qrno
(22*)4'(22*)4' = 2":.7"‘?5”"'Z)':.!iy'lc'n,o21"1”‘l’nE;;qrmo

(22)2(22)2 = Zijklmzijklnzopqrmzopqrn
(6)2(XX")2 = ¢4 Zkimni X kimn;

(¢0)0(EX%)0 = ¢ijbij XkimnoXkimno
(09)4(XX")4 = ¢ij ki Xmnoij Lrnnoki
(#0)ar (EX7)ar = G35 Pt Xmnoik Zmmnosi
(96)2(XX)2 = ¢4 ik Ximnoj Limnok

(¢¢)2(2*2*)2 = ¢’ij ¢ik2;‘mnoj2;‘mnok
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The minimal SO(10) Higgs madel

(90)o(¢9)o = ¢ijbij PriPri
(906)2(00)2 = ¢ijPikdi ik

% — *) oy %
Vis = =5 (80)0 + 2 (80)0(89)o + 2 (96)a(pg)e, PO = s (310 = ijkimZijiim

Scalar potential: V' = V5 + Viog + Viix

g * (BX*)o(BX*)o = Zsjkim X3 jkim Snopar Snopgr
Vize = — )\5—!(22 )o N G353 N 633 DR 3TN 5 N ST 5 A
¥ (5!‘;2 (BT g+ e (E5%)2(E5%); (EE4(E)1 = Eigtim S s Soarim S
¥ (3!)2\?2!)2 (BX*)a(EE")s + (;\!%2 (EX%)w (BX )y (B2 (EE)e = Sijkim Eijino ZparinSpgrmo
s s e, S o
i 0 (0)2(XX%)2 = ¢ij ZkimniZgimn
Vinix = Z(d)h(zz*)z i 2-_5!(,¢¢)0(22*)0 (96)0(XE*)0 = ¢4 Pij ZktmnoXkimneo
+ 4%3! (69)a(XX*)4 + %(65415)4' (XX%)yr (60)4(EX) 1 = b4 Ot Srmnois S i
+ 1 (60)2(2D)2 + %(qbqb)z(z*z*)z - ($6)a (X3 )ar = 64 Sha Zmnok o

(¢¢)2(22)2 — ¢ij¢ik2lmnojzlmnok

(¢¢)2(2*2*)2 = ¢’ij ¢ik2;‘mnoj2;‘mnok
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The minimal SO(10) Higgs madel

Tree-level scalar spectrum contains tachyons...
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The minimal SO(10) Higgs madel

Tree-level scalar spectrum contains tachyons...

[ o \

m?&l,o) = 2a2(wr —wpL)(wr + 2wBL) WBL
5 (45) = WRBI X 09
M(1.3.0) = 2a2(wpL — wr)(WBL + 2wWR) W

\ Yy

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

flipped-SU(5)-like vacua only!
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The minimal SO(10) Higgs madel

Tree-level scalar spectrum contains tachyons...

[ o \

m?&l,o) = 2a2(wr —wpL)(wr + 2wBL) WBL
5 (45) = WRBI X 09
M(1.3.0) = 2a2(wpL — wr)(WBL + 2wWR) W

\ Yy

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

flipped-SU(5)-like vacua only! 7 7 7
O & ©o
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The minimal SO(10) Higgs madel

L 3
X 3.2, 1y K rank = 4
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The minimal SO(10) Higgs madel

TACHYONICITY
UNIFICATION

TACHYONICITY rank =5
A
‘. TACHYONICITY o
L i @  ieesssssssssssssssssssssssssssnanann
.............................................. . . '
\ 0 <1Wmax ,'
X4
. \ 4 o
X 3201y rank = 4
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The minimal SO(10) Higgs madel

UNIFICATION

TACHYONICITY
UNIFICATION

TACHYONICITY rank =5
A
‘. TACHYONICITY o
L i @  ieesssssssssssssssssssssssssssnanann
.............................................. . . '
\ 0 <1Wmax ,'
X4
. \ 4 o
X 3201y rank = 4
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The minimal SO(10) Higgs madel

UNIFICATION

TACHYONICITY

UNIFICATION
TACHYONICITY rank = 5
) 3
‘. TACHYONICITY o
______________________________________________ \‘ . 'l
\ o <1Wmazx ,'
‘; * l'
rank = 4
“Newver trust arguments
based on the lowest S.Weinberg
‘ “Why RG is a good thing”
order Of per turbative in “Asymptotic Realm of Physics”
SN MIT press 1983
expansion!
55— EE—
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The minimal SO(10) Higgs niicel

S. Bertolini, L. Di Luzio, MM, PRD 81,035015 (2010)

Radiative corrections can change the situation completely!

Michal Malinsky, IPNP Prague Leptogenesis in unified models Corfu, August 31 2024 32 /many



The minimal SO(10) Higgs 1icel

S. Bertolini, L. Di Luzio, MM, PRD 81,035015 (2010)

Radiative corrections can change the situation completely!

B X (¢) (6) & ® (0) (#) @
¢ .' A ¢ 6 N ¢ b SR ¢
7"\\ I,'T /3‘\\ /',3 g2 92
\_X’,/ \\>€_,,’
1
Am%1,3,0) = 52 77+ 37 (2w — wrwy + 2wy ) + ¢ (16wF + wywr + 19wy )| + logs,
1
Am%&lyo) = 12 [72 + (w3 — wpwy + 3wi) + g* (13w]2% + wywpr + 22w%)] + logs,

See also L. Grif, H. KoleSova, MM, T. Mede,V. Susi¢ PRD 95, 075007 (2017)
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The minimal SO(10) Higgs 1icel

S. Bertolini, L. Di Luzio, MM, PRD 81,035015 (2010)

Radiative corrections can change the situation completely!

B @ (4) (6) & ® (0) (#) @
, " XN\\\\ \\\ ,/,’—i‘\\\ /,I \\ //
¢ .' A ¢ 6 N ¢ b SR ¢
7"\\ I,'T /3‘\\ /',B g2 92
\_>§_,/ \\>€_,,’
1
Am%1,3,0) = 52 77+ 37 (2w — wrwy + 2wy ) + ¢ (16wF + wywr + 19wy )| + logs,
1
Am%&lyo) = 12 [72 + (w3 — wpwy + 3wi) + g* (13w]2% + wywpr + 22w%)] + logs,

See also L. Grif, H. KoleSova, MM, T. Mede,V. Susi¢ PRD 95, 075007 (2017)
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The minimal SO(10) Higgs model breaking landscape

TACHYONICITY UNIFICATION

UNIFICATION

TACHYONICITY rank =5
A
‘. TACHYONICITY o
L i @  ieesssssssssssssssssssssssssssnanann
.............................................. . . '
\ 0 <1Wmax ,'
X4
. \ 4 o
X 3201y rank = 4
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The minimal SO(10) Higgs model breaking landscape

TACHYONICITY UNIFICATION
UNIFICATION
rank =5
. \ 4
321y & rank = 4
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The minimal SO(10) Higgs model breaking landscape

TACHYONICITY UNIFICATION
UNIFICATION
rank =5
rank = 4
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The minimal SO(10) Higgs model breaking landscape

TACHYONICITY UNIFICATION

UNIFICATION
rank =5

rank = 4
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The minimal SO(10) Higgs model breaking landscape

TACHYONICITY UNIFICATION

UNIFICATION
rank =5

*. VEV HIERARCHY R
. u S

i
M 0 <Ki1Wmax ,'

X 3.2, 1y K rank = 4
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The scalar sector of the model is non-perturbative :-(

50(10) — 3:212rlp_ 1, — SM
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B-L scale in the minimal SO(10) from LG & flavour only

LG constricts B-L into a very narrow region

llllllllllllllllllllllll

12.60 12.65 12.70 12.75 12.80

Very preliminary, research in progress (R.l.P)
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B-L scale in the minimal SO(10) from LG & flavour only

LG constricts B-L into a very narrow region
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12.60 12.65 12.70 12.75 12.80

Very preliminary, research in progress (R.l.P)

Exactly where gauge unification in non-SUSY SO(10) needs it !
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Take home messages

l) It makes perfect sense to look at leptogenesis even in models featuring
rich enough dynamics for baryogenesis to proceed in the “direct mode”

2) Baryon asymmetry may be a very good discriminator especially if the
flavour structure of such models happens to be strongly constrained
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Thanks for your attention!



