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Proton Decay (or lack therof)

L= ZCOO(CU) the SM global symmetries U(1),, U(1); are at dimO < 4
%

However, natural new physics tend to predict proton decay, e.g.
GUTs, Gravity, SMEFT (dimO > 4), ...

Proton lifetime lower bound:

7, > 0.96 x 10°%yr  (90% C.L.)

p — invisible
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What s this talk about

What it the proton is stable?

see also previous work

A model for
proton

Xavier Ponce Diaz | Cosmic origin of matter from proton stability


https://arxiv.org/abs/2202.05275
https://arxiv.org/abs/hep-ph/0306003

What s this talk about

What it the proton is stable?

see also previous work

A model for
proton

evidence of

Neutrino masses matter-antimatter

Dark Matter

& mixing asymmetry
2 —5 2 e
Amyy = 749 X 1077 eV7, P2 (6.124£0.04) x 107 Qupah? = 0.1200 & 0.0012
Amgl ~ 2.5 x 1073 eV? "y
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A model for proton stability

It all starts with U(1),
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A model for proton stability

If imposed globally
It all starts with U(1), Gravity breaks it

If made local

Broken by EW anomaly
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A model for proton stability

If imposed globally
It all starts with U(1), Gravity breaks it

If made local

Local U(1)g_;
Broken by EW anomaly
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A model for proton stability

If imposed globally
It all starts with U(1), Gravity breaks it

If made local

Local U(1)g_;
Broken by EW anomaly

Not anomalous J Anomaly cancelation: 3 RH Neutrinos

Lp_1 =dN°N
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A model for proton stability

If imposed globally
It all starts with U(1), Gravity breaks it

If made local

Local U(1)g_;
Broken by EW anomaly

Not anomalous ] Anomaly cancelation: 3 RH Neutrinos

Realistic neutrino masses J Lp_1 =¢N°N + ZLNET + H.c.

Seesaw mechanism
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A model for proton stability

If imposed globally
It all starts with U(1), Gravity breaks it

If made local

Local U(1)5_;
Broken by EW anomaly

Not anomalous ] Anomaly cancelation: 3 RH Neutrinos

Realistic neutrino masses J Lp_1 =¢N°N + ZLNET + H.c.

Seesaw mechanism
Exact proton stability U1)sp—r) = ld) =1, [¢] =6
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A model for proton stability

If imposed globally
It all starts with U(1), Gravity breaks it

If made local

Local U(1)5_;
Broken by EW anomaly

Not anomalous / Anomaly cancelation: 3 RH Neutrinos
Realistic neutrino masses J Lp_1 =¢N°N + ELNET + H.c.
Seesaw mechanism
Exact proton stability U1)sp—r) = ld) =1, [¢] =6
(#)#0

U(l)p_, — Zg discrete gauge symmetry in the IR

Zo: ¢ Fpn=0,..,5 lg=1[I=[N=3

Xavier Ponce Diaz | Cosmic origin of matter from proton stability



A model for proton stability

If imposed globally
It all starts with U(1), Gravity breaks it

If made local

Local U(1)g_;
Broken by EW anomaly

Not anomalous / Anomaly cancelation: 3 RH Neutrinos
Realistic neutrino masses J Lp_1 =¢N°N + ¢{;NH + H.c.
Seesaw mechanism
Exact proton stability U1)sp—r) = ld) =1, [¢] =6
()70 , .
U(l)p_, — Zg discrete gauge symmetry in the IR SMEFT:
Zs : ¢ —e 5 ¢,n=0,..,5 [d=1 [[]=[N]=3 qqql. ldddH, ...
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A model for proton stability

The

Gauge (¢)>(H) - Such that proton decay is forbidden in the
U, - SMEFT to all orders
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A model for proton stability

The

Gauge (p)>(H) - Such that proton decay is forbidden in the
Ul)x, ¥ SMEFT to all orders

3(B — L - |
How: SWB— L) Non-anomalous U(l)x, — X, = 3m(B — L) —n(3L, — L)
L; — L; general symmetry

p : specific lepton flavourp = e, u, t ng(m, n) =1

(*gcd): greatest common divisor
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A model for proton stability

The

Gauge (p)>(H) - Such that proton decay is forbidden in the
Ul)x, ¥ SMEFT to all orders

3(B — L - |
How: SWB— L) Non-anomalous U(l)x, — X, = 3m(B — L) —n(3L, — L)
L; — L; general symmetry

p : specific lepton flavourp = e, u, t ng(m, n) =1

_ x 00 _ 0 X X Scalar charges:
(tNH~ | 0 X X N°Nop1~|x 0 O
0 X X X 0 0 <[¢1]Xp>:<6m+n>
[P2]x, 6m — 2n
need two SM-singlet ) 0 0 0
scalars for PMNS N°Nga~ 0 X X
0 X X

(*gcd): greatest common divisor
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A model for proton stability

Scalar charges:

— \6m —2n

([¢1]XZ> _ (6m+”) U)x, g k)= ged([¢1]x,, [62]x,)
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A model for proton stability

Scalar charges:

([cmxp) _ (6m+n) UQ)x, 2507 e (B)= ged((é1)x, , [62)x,)

-~ \6m —2n
Consider the following
(m, n) = (3a+ 1, 9b+3), for (a,b) € Z*

with the condition ged(m,n) =1 & ged(3a+1,b—a) =1

Xavier Ponce Diaz | Cosmic origin of matter from proton stability


https://arxiv.org/abs/2202.05275

A model for proton stability

Scalar charges:

(Eﬂx) _ (66m +2n) Uy, G e (D= ged([61]x,. [62]x,)
2] X, m — 4n

Consider the following

(m, n) = (3a+ 1, 9b+3), for (a, b) € Z*

with the condition ged(m,n) =1 & ged(3a+1,b—a) =1
_ _ (@1),{(¢2)F#0
k= ged([o1]x,, [¢2]x,) = 9ged(n, 2) U(l)x, ;7B

Fields U(l)x, Zg CT @ @

Quarks qi, Wi, d; m 1 @ @
Specific leptons ly, ep, Ny | —2n —3m

Y B
Common leptons (q # p) | 44, €, Ny | 1 —3m 0% @ ZQ @
Higgs H 0 0 -
New scalars 1 6m +n 0 @ q @
P2 6m — 2n 0
Zg —singlets
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A model for proton stability

k= ged(|o1]x,, [92]x,) = 9ged(n, 2)

(P1),(p2)#0

Ul)x, —— Z¢

Fields U(1)x, Zog CT
Quarks qi, Ui, d; m 1 9 @ @ @
Specific leptons lp, €p, Np | —2n — 3m 0 ZB
Common leptons (¢ # p) | €4, €q, Ny n — 3m 0
Higgs H 0 0 @ J @
New scalars D1 6m + n 0 @ q @
D2 6m — 2n 0
Zg—singlets
discrete gauge symmetry in the
Z.§-singlet = (qqq)(q99)(qqq)
proton decay qqql, ldddH, ... AB =1 x
SMEFT selection rule
neutron-antineutron , . ., _ . __ x
— T q9)\q q){q g AB =2
AB = 0 (mod 3) ecillations (7°0)(q°a)(q°q)

Sphalerons VeV, Vr — urdrdrerbrdrtrbpb,  AB =3 J
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Neutrino Masses

+ p-permutations

0 X X 0O 0 O x 0 0
My~ (b)) [ X 0 O]+ (p2)|0 X X Yv~ |0 X X
X 0 0 0 X X 0 X X majorana phases
The seesaw e
m,, = —(H)?Y; MY} = Ui, U U = Vewnsdiag(e™/?, /2, 1)
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Neutrino Masses

+ p-permutations

0 X X 0O 0 O x 0 0
My~ (b)) [ X 0 O]+ (p2)|0 X X Yv~ |0 X X

X 0 0 0 X X 0 X X majorana phases
The seesaw e

m, = _<H>2YV*M];1YVT _ U*m,,U U = VPMNSdiag(eia/Q, 67;5/2’ 1)
The local symmetry imposes the following tree-level
The =0 m" x m?? — (mY)? =0, fori#j#p
- 1 ei(B—I—Q(SCP) 6’i(0¢—|—25cp)
e-specific case = 0= m—gsfg + - §%5Cls + oo CloC s
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Neutrino Masses

0 X X 0O 0 O x 0 0
My ~{p1) | X 0 0| +(p2)[0 X X Yv~]0 X X
X 0 0 0 X X 0 X X majorana phases
The seesaw e
m, = —(H)2Y,; MY = Ui, U U = Veunsdiag(e'™/?, €72, 1)
The local symmetry imposes the following tree-level
The =0 m' x ml? — (m?)* =0, fori#j#p

1 5 673(5+25CP) 50 o 675(04+25CP)

2 2
— 0= —s7, + S19Cia T Cq19C
5 13 5 12*~13 . 12*~13

e Triangle equation in the complex plane

e Triangle inequality = on

‘513|2 < ‘3%20%3‘ 1 ’C%QC%Sl
the lightest neutrino ms T~ Mo my
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Neutrino Masses

1 ) ei(5+25cp) ) o ei(a+25cp)

2 92
—> ()= —s89, + ST5CT e + cioC
; 13 5 12€13 : 12€13

Six scenarios: p = e, u, T + two orderings, but only are consistent

with experimental data:

- e-specitic 1O 13 Mo
A mi
- y-specific NO M2 )
" my ms
- 7-specitic NO
NO 1O
If m, and S¢p are we can make a on the Majorana phases

*Complex triangle equations have a second conjugate solution
o — —Q — arg ¢

B—s —B—argc Cy, Cy: the sides of the triangle
—b — 2
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Neutrino Masses

T-specific NO

excluded (30)
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Neutrino Masses

The future neutrino program is crucial!

Given §cp we can predict | my;|as a function of m,

L0 R e
{GerRDAT
: KamLAND-Zen 1 w. |/ )] ‘m
_ | (!
10_2? :
; ] |
L, [ ] :
™ I
) I
S |
= l |
|
1073 1 |
] I
I
I
I
I
I
I
: Excluded —
10_4 " >>m, cosmology
1073 1072

m, [eV]
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Two solutions to the

triangle equations

Models clearly
if the Dirac

o

phase is known to d-p ~ 50
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The origin of matter: Leptogenesis

m=—8,n=3,gx = 0.02

106 - , .
/" Interactions must at
104_
. ['< H|T=MN1, for N, to decay
100_ _____________________
=
1072 5
iy M 7 Z 10 MN1
- MN=1010 GeV MZ:1010 GeV
o | —— My =101 GeV My = 1012 GeV . . .
L0 10 Gov M — 10 ey *analogous to light neutrinos in the SM
10~84 —— My =10° GeV M = 10" GeV and EW interactions
—— My = 10" GeV My = 10° GeV
1010 1

10107 10 102 1070 10° 10'  10%
Z = MNl/T
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The origin of matter: Leptogenesis

m=—8,n=3,gx = 0.02

10% 4 p :
/' Interactions must at
101
. ['< H|T=MN1, for N, to decay
10° -
A
1072+ )

iy M 7 Z 10° M,

— My =10 GeV M, = 10'° GeV

_ — N = 1019 GeV M, = 102 GeV . . .

10709 %N: 1810 Gez M, — 1813 CeV *analogous to light neutrinos in the SM
10781 — My =10° GeV Mz = 10" GeV and EW interactions

— My = 10" GeV M, = 10° GeV

10~ -rio———m—————r——————rr———
10-° 107* 107 10°2 10! 10° 10' 102
Z = MNl/T
. /
Assumlng A~ YN ~ 8x ™ @(1) Z", Ng,g,pg
Seesaw structure for RH
{1 < () = My < My, , neutrinos
P1
0 X X 0O 0 O
My ~(p1) X 0 0]4+(p2) |0 X X My,
X 0 0 0 X X
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The origin of matter: Leptogenesis

Leptogenesis happens via N| (N, 5 decays washed-out & Z" keep them in eq.)

Baryogenesis via minimal thermal leptogenesis

107° + A

10—8 - .-"': L ! =
w";?"c" e
oy
- R S N K
ORI e

e  e-specific 10

> ] . AR Y R AT R Ry
v 12 ] p-specific NO < 107101 Rt Bt i Rige ‘&f“ e vad N
U 10 E ~ . L‘w?(\x:?‘.} d-“.&"r“‘y-tv\¥!& 2 A3 o
— ] e  r7-gpecific NO 3 p¢ r’ﬁ;‘iﬁé‘;"“}:ﬁ,y: .s"";:"’;-'- N
= 1 . R o T g o ) g O N
101t 4 — Leptogenesis ‘ LR zuvf;;;.:,;v‘ 3 TN
3 g 2o LAY T R L 7
] LR P 5 Fa” % .
‘o f % o° ~p H

10—12_ -"%’ .5}.}?‘.};;:’; ..: ..-... |

10—14 i

Triangle inequalities
= lower bound
neutrino mass

= Strong-washout

regime

T T T T T T T T T T T T T TTTT| T TTTT T T TTTT T TTTT T TTTT

10~4 1073 1072 1071 10° 101! 1012 1013
ml [GV] M1 [GeV]

UV scan of parameters which fit neutrino
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The origin of matter: Dark Matter

Two complex scalars and one gauge symmetry U(I)Xp

— \6m —2n

([¢1]Xp> _ ( 6m + n ) Not proportional to each other =
global symmetry in the potential
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The origin of matter: Dark Matter

Two complex scalars and one gauge symmetry U(I)Xp

([¢1]Xp> _ ( 6m + n ) Not proportional to each other =

- \6m —2n global symmetry in the potential

. eaten by the Z’
Px y Two Goldstone bosons

a.
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The origin of matter: Dark Matter

Two complex scalars and one gauge symmetry U(I)Xp

([¢1]Xp> _ ( 6m + n ) Not proportional to each other =

- \bm —2n global symmetry in the potential

. eaten by the Z’
Px y Two Goldstone bosons

()= ) (@)

aisa , the Goldstone boson associated to the breaking of U(l)g_;

a.

La -
to RH neutrinos: LD Zf—N My MnN
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The origin of matter: Dark Matter

: gravity explicit breaking of the global symmetry
pseudo-Nambu Goldstone Boson

Veray. = (47‘(‘)2 |8|z|t|_4 gb[ls]gb[;] + h.c. At what dimension?

Pl
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The origin of matter: Dark Matter

: gravity explicit breaking of the global symmetry
pseudo-Nambu Goldstone Boson

_ 2 4 [s] | [t] : :
Verav. = (47) ST ¢7 @5 + h.c. At what dimension?
Pl
b

-5 4 -3 -2 -1 0 1 2 3 4 5)

. 5 15 17 19 23
Leading Planck-suppressed 4|7 6 13 7 15 8 17 9 19 10

. -3 11 9 11 13 15
operator min(|s| + |#]) 2l 7 o1 4 3 7 4 9 13 8

-1 11 5} 7 13
a 0|7 11 4 5 * 7 5 13 8

1 11 7 5) 7 13
2 13 6 11 5 9 4 5 13 8

3 17 13 11 13
4011 21 10 19 9 1T 8 15 7 8

5 25 23 21 19 17

*colors see backup
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The origin of matter: Dark Matter

: gravity explicit breaking of the global symmetry
pseudo-Nambu Goldstone Boson

_ 2 4 [s] | [t] : :
Verav. = (47) ST ¢7 @5 + h.c. At what dimension?
Pl
b

-5 4 -3 -2 -1 0 1 2 3 4 5)

. 5 15 17 19 23
Leading Planck-suppressed 4|7 6 13 7 15 8 17 9 19 10

. -3 11 9 11 13 15
operator min(|s| + |#]) 2l 7 o1 4 3 7 4 9 13 8

-1 11 5 7 13
a 0|7 11 4 5 * 7 5 13 8

1 11 7 5) 7 13
2 13 6 11 5 9 4 5 13 8

lf <¢1> < <¢2> 3 17 13 11 13
4011 21 10 19 9 1T 8 15 7 8

5 25 23 21 19 17

Class of models of

Correct relic abundance + stable for a high-scale (¢,)
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The origin of matter: Dark Matter

a C
Tru > (¢p2) > (¢1)  Post-inflationary scenario L3 ~MyN°N
Majoron via , in thermal equilibrium via Z’
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The origin of matter: Dark Matter

a C
Tru > (¢2) > (¢1)  Post-inflationary scenario LD —MyN°N
Majoron thermalizes via RH neutrinos, in thermal equilibrium via Z’
Hot DM contribution

too large for CMB

measurements

oy
s
wn
o
o
o)
H
}—3
o
=n
&
o
S

o100 < Ny

Y

My, > 4.9 x 10° GeV
+ Z" decoupling

Davidson-Ibarra Bound + Z’

10713 10~ 107? 1077 107° 1073 1071 101 103
Greljo, XPD, Thomsen '25 mg [eV]
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The origin of matter: Dark Matter

Try > (¢p2) > (¢1)  Post-inflationary scenario L5 “MyN°N

U1

Majoron thermalizes via RH neutrinos, in thermal equilibrium via Z’
1017

Y2 < dm

Hot DM contribution
too large for CMB

1016 4

101°

sourIperodng HY

measurements
1014_
%
g 1013 -
5 My, > 4.9 x 10° GeV
1012 E 1 ~
) .
o + Z" decoupling
1010 :
109 Davidson-Ibarra Bound + Z’ 91 = 1/ <03> = 7T/\/§
1018 107U 109 107 103 103 10~ 10! 10°
Greljo, XPD, Thomsen. '25 | ma. [eV] Qf 5 . 1/9 00 1/4
Misalignment mechanism: Qpyh? ~0.12 i - e
1.9 x 1013 ) \ 1ueV Gx(Tosc)

Testable! AN = 0.027 10V 54 sensiivity 0.0156
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The origin of matter: Dark Matter

(1) ~ Tru > My, = <<q;1>> Pre-inflationary scenario: symmetry never restored
2
N, in thermal equilibrium (strong washout £HN-interactions or Z')
1014:
1013_: b .\.\"\

10'2 5

U1 [GGV]

10 -

17, —42)

-out

Formation

e ’

1010

109 Davidson-Ibarra Bound + 2’
107° 1073 101 10! 103

Greljo, XPD, Thomsen '25
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The origin of matter: Dark Matter

N _ (¢1)
<¢1> — TRH > MNl — <¢2>

N, in thermal equilibrium (strong washout £HN-interactions or Z')

Pre-inflationary scenario: symmetry never restored

10 5 . , .
] | via RH neutrinos
- |
ol
1013'E : s NlNl — dd
] |
— | . .
| + misalignment
1012_: \i\
> ] !
3 | 0. can take any value
— T |
) .
10 - | . Effective Yukawa: My /v, = v{/v,
] : ke 1
s
: © ?Jl/’UQ = , 0.01 ,

1010

109 Davidson-Ibarra Bound + 2’
107° 1073 101 10! 103
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The origin of matter: Dark Matter

(p1) ~Try > My, = <<q;1>> Pre-inflationary scenario: symmetry never restored
2
N, in thermal equilibrium (strong washout £HN-interactions or Z')
1014: 1 . .
] ! via RH neutrinos
1013_: :.\.\"N NlNl — dd
. |
1
— | . .
] | + misalignment
1012_: \i\ 9
g | | 0. can take any value
— 1 1
= 11 I 1 . —_
10" ; | E Effective Yukawa: My /v, = v,/v,
| E )
+~ | /42
| é n = (=T J; ?Jl/’UQ = , 0.01 ,

1010

, , Neutrino telescope searches
109 Davidson-Ibarra Bound 4 Z

10~ 10~ 10~ 10! 10°
Future experiments: JUNO & HK
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Dark Matter Searches

Greljo, XPD, Thomsen '25

Heeck, Patel '19

—I*—' 10—16 -
>
)
&)
_g 10718 { XMM-Newton
= NuStar
” photon DM searches constrain
1020 -
.t the model to masses lower
107224 .%o than me S 0.1MeV
] . & .
A -
10~ 107 102 107! 10° 10! 102
mq [MeV]

Future y— and X—ray telescopes are sensitive to further test this scenario
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Conclusions

D

A model for exact

proton stability
(1)x, =+ X, =3m(B - L) —n(3L, — L)

Greljo, XPD, Thomsen '25

P N

Dark Matter

Rich phenomenology:

(¢1) ~ 1017714 GeV - 0upp & Scp
- y and X-ray telescopes, AN ¢
- no proton decay :)

All empirical evidences
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Conclusions

D

A model for exact

proton stability
(1)x, =+ X, =3m(B - L) —n(3L, — L)

Greljo, XPD, Thomsen '25

P N

Dark Matter

Rich phenomenology:

(¢1) ~ 1017714 GeV - 0upp & Scp
- y and X-ray telescopes, AN ¢
- no proton decay :)

All empirical evidences
addressed for

Thank you for your attention!
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Parameter Scan

2 x 1073 50
: 150 1
48 . .-a(..ruwn .
1 100 A
%
) I*
) 50 1
N 46 :
= 3 -
"o, 5 . P cee ot
~F it S g s 07 .
g rg = . S .
< 44
_50 .
—100 A
42 1
—150 A
3 x 10_3 s 5 40 T T T T T T T
7x 10 8 x 10 33.0 33.2 33.4 33.6 33.8 34.0 8.5 8.6 8.7 8.8
2 2
Ams3, [eV?] 012 [°] 013[°]
Normal Ordering (best fit) Inverted Ordering (Ax* = 6.1)
bfp +1o 30 range bfp £1o 30 range
s | sin’ 612 0.30875-013 0.275 — 0.345 0.30819:012 0.275 — 0.345
%z 012/° 33.687075 31.63 — 35.95 33.687075 31.63 — 35.95
We | eave 5CP uncon St rain ed % sin? a3 0.47010 517 0.435 — 0.585 0.5500012 0.440 — 0.584
é 023/° 43.3759 41.3 — 49.9 47.9%07 41.5 — 49.8
; sin? 013 0.0221570:59955  0.02030 — 0.02388 | 0.0223179:599%6  0.02060 — 0.02409
7| 01s/° 8.567011 8.19 — 8.89 8.5910-11 8.25 — 8.93
j Scp/° 212128 124 — 364 274132 201 — 335
§ Am?
ﬁ 7.491019 6.92 — 8.05 7.491019 6.92 — 8.05
Amge +0.021 +0.020
m +2'513—O.019 +2.451 — +2.578 72.484_0_020 —2.547 — —2.421
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Parameter Scan

e-specific 10 p-specific NO T-specific NO

150 A 150
100 - 100
50 - 50
z excluded (30) o
0 1 2
bgj excluded (30) 0 &
—50 A L —50
—100 - L —100
—150 - —150
150 A 150
100 - 100
50 1 50
Z excluded (30) P
¥ 01 0 .
S oY
—50 A —50
—1004 - —100
—150 - —150




Triangle equations

Different scenarios: p = {e, u, 7}

' 25 (8425 (26
ez(a—|—5+ CP) [m]ll _ LSQ N et (B+ CP)82 2 N pilat cp)c2 2
e —— et . 12€13 - 12€13
67;(0”‘5) 1 el : 9 el : 2
(m]ag = —ci3555 + — (12023 — 523512513€"°°7)” + — (s12C03 + C12823513€"°°F)
mimsaims ms3 ma mq
eilath) 1 e'P soon2 e S 2
mlss = —cizehs + —(ci2823 + 02381231?)6%5@) + — (812823 — C12C23813€Z5CP)
mimsains ms3 ma mq
EW-running of the Weinberg operator
*1p = det (-2, Y Aeg YT 1 1 3
[mv]pp € ( Vew ff ) v = = (2)\—|— 59%—593 t:10g<\/MN2MN3/MN1)
~ —ytdet (’UEWYM_lYT)
)
. . ' maoms (NO)
Numerical estimate | ]pp| S 0.01 .
mi1mo (IO)
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150 A

100 1

—100 1

—150 1

150 A

100 1

50 1

dep [°]

—50 1
—100 1
—150 1

1073

e-specific 10

= excluded (30)

1072 107!

mg [eV]

One-loop correction

p-specific NO T-specific NO

2 excluded (30)

—120
—160

/ excluded (30)

160

120

10° 103 1072 107! 10° 1073
my [eV] my [eV]
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1, 3
= 2\ + g7 — —93)

40 [m;]pp = det (—'UngAeffYT)
~ —ytdet (vngM_lYT)

2 2

AN
[ ]ppl < 0.01 -

80 tZIOg(\/MNQMNB/MNl)

moms (NO)
mimo (IO) .
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Freeze-in majoron

t — channel : N{N; — aa

ol . 3
Reach thermal equilibrium, and Qb2 — ((3)gs(To)maTs o _ (15 Ma 10675 |
7T2gs (Tdec)pc 166.62 eV gs (Tdec)

freezes-out relativistically

Yan. :Nai/w ds 5(s) /5 K, (ﬁ)

647T4 4M]2\7 T
2 2 2\2 2 92
F tN. H d_Y — 1 — Y_ A o gagb2 [((S_ma_mb) _4mamb>}
feeze-in. <11S = Yann O'(ab — 1 2) = O'(S)
d Y2
z eq Cab S
10" 1 107 |
10_4?
10711 §
L1079+
= <
~ -3 I 1
10771 —6
1076 4
> E — vy =107 GeV
. V1 = 1010 GeV
107 10 — v = 101 GeV
. —— v =102 GeV
10774 —— v = 1083 GeV
]_0_7 T T T T T T T T T T T T T T -"' T T L | T T T T T L | T T LI |
10~* 1073 1072 1071 10° 10! 102 1072 107! 109 10! 102
ZIMNl/T ZIMNl/T
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V

Dark Matter Searches .. ...

me . 7 m2 m2 »
LD aeyse q -- LD —2% ) ® VaFF a--
167V, 7 (16m)2vy  \ 4m7
n; %4

10—11

10—12 -
10—13 -

10—14 -
10—15 -

,—|<'_' 10—16 i
_ >
S 107179, 9.
- £10718 { XMM-Newton
' > NuStar

10—19 -

10—20 -
10_21 7] ] :

10—22 i . i o ’

o L
10_23 ! L] | ! L] | ! L] | ! L] | ! LI ! ."""l ! LAY | ! LELELELILLA | ! LI ! T T T ! LI
10~ 1073 102 1071 10° 101 102 10~ 1073 1072 10~1 109 10t 102
me [MeV] mq [MeV]

Greljo, XPD, Thomsen '25
Electron and photon DM searches constrain the model to lower masses m, S 0.1MeV

Future y— and X—ray telescopes are sensitive to further test this scenario
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Cosmological History

-
;
Try > (¢,) Local + global strings DW 5
() Local strings %
Try > (¢p)  Global strings DW >
(1) Global strings 2
- Bounds from
My, Leptogenesis (D)) = Try

Isocurvature

Aleuone|jul-aig

Misalignment & Domain Wall Problem?

Domain wall- UD)g_; = Zy

string network

5| |
U1 U2 st \a
R N rm R CR U 3R
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Domain Wall Problem?

Winding numbers of the strings

N4

an ~ [PalgdiP with G(0) ~ Lot

scalar charges

Exin ~ |[w1 Xy — wo X1| = min |wXy — wo X1| — |swy + tws| = min |sw + tws)|
wEZ wEZ

VgraV-(qgla &2) — Vgrav.(vly UZ) COS(Swl 0 4 tws (9) :

e local strings: Ny = mingcy |sw + t|,
Nw = ‘swl —l—twg}
e global strings: Ny = [s|.

Automatic solution it Ny, = 1
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Nw = ‘swl —l—twg}

Automatic solution if Ny, = 1

Domain Wall Problem?

e local strings: Ny = mingcy |sw + t|,

e global strings: Ny = |s|.

-5 4 -3 4 5
-9 15 23
4|7 6 19 10
-3 11 15
20 7 11 4 13 8
-1 11 13

a 0 7 11 4 13 8
1 11 13
2 13 6 13 8
3 17 13 11 13
4 |11 21 10 19 17 8 15 8
5 25 23 21 19 17

Green: |s| =1

Blue: Ny = min,, o | sw + ¢

Automatic solution of a Domain Wall problem via the charges of the model

Xavier Ponce Diaz | Cosmic origin of matter from proton stability

29



A Unification Path

Uy ~ (127 2, 1) Vg~ (127 1, 2)
Uuv
[ SU2) x SU2);, X SU(2),

SU(9) X SU@), X SUQ)g X U(1)p_;. X SUB3),

SUB3) x SUQ2). x U(1)y x U(1)y

Vx —+ Right-handed neutrinos
TeV —4— Muoquarks o
IR

Tentative flavour-gauge unification
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