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Georgi-Glashow model

) Fermions
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Georgi, Glashow (1974)
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Georgi-Glashow model

1) No gauge coupling unification
) Introduce intermediate-scale particles

) Massless neutrinos
0 nx 1g : type | seesaw

1 x 15y : type Il seesaw
Dorsner, Perez (2005)

Qa
0 1 x 24¢ : hybrid type Il + | seesaw
Qa

Bajc, Senjanovi¢ (2007); Perez (2007)

Loop-level
Perez, Murgui (2016); Saad (2019); Dorsner, Saad (2019)

U “Bad-mass-relation:

Ye=Y] =

yelvo =1, yulys=1, ye/va=1]
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Solutions to “bad-mass-relation”

U Higher dimensional operators
Ellis, Gaillard (1979)

1) Second electroweak Higgs doublet embedded in 45y

Georgi, Jarlskog (1979)

Md = Y5(5n)+Ya5(45n),  Me = Y3 (54)—3Y5(45y)

[ Vectorlike fermions
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5¢ + 5¢

- GG model + 5¢ + 5¢

a Lo Y;} 10Fi10Fj5H + Yg 10Fi§Fa5a +§Fa(Ha + 72241)5¢4

d D dT
) ()

where M2 = 11, — 21,(24y), MPD = 11a + 31a(244)

Babu, Bajc, Tavartkiladze (2012)
Dorsner, Fajfer, Musta¢ (2012)
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10¢ —f-ﬁp / 15¢ —|—EF

) Similar solution to “bad-mass-relation”

Q 10|:(15|:) D 23(3,2, 1/6)

0 244 S 64(1,3.0) + ¢5(8,1,0)

U X3+ ¢1 + ¢g suffice to achieve high GUT scale

M4
Mgyt > 10 GV = 7, ~ aé[f;r:,? ~ 103 — 1037 years
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5¢ + 5¢

- GG model + 5¢ + 5¢

Case Neutrino | Leptogenesis | Proton lifetime
mass (years)
2x 1f v v 10%
2 x 24 v /X 1033/10%°
1 x 15y v X 103!
2 x 15y v v 10%
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5¢ + 5¢

- GG model + 5¢ + 5¢

Case Neutrino | Leptogenesis | Proton lifetime
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Testable model

2 GG model + 5¢ + 5 + 2 x 15

O Mgur <7 x 101 Gev = T S 10%° years
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Proton decay channels

Conclusion

HPD intervals for proton lifetime 1, for different decay channels

8/15
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Relations between proton decay channels

Hyper-K (20 yrs)

340 345 350 355 360 365 37.0 34.0 345 35.0 355 36.0
logyolt(p > 7°u*)] [yrs] logyo[t(p > 104*)] [yrs]

10go (Maur)

15.57 15.64 15.70 15.77 15.84 15.90
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Can proton decay be rotated away?

m 0 0 MP m 0 0 0
0 0o MP 0
Mp = mp f) Mg my
0 0 m M 0 0 mg O
o 0 0 M} ME ME ME  ME
Define tan(HD/E) ,.D/E/I\/If/E
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LQ mass vs proton decay
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Flavor violation

12/15
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Flavor violation
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Flavor violation

-5 — -5
_— ‘m
2 10 ::. -10
NN ST Y S T i S ——
x -15 1 -15
z &
8 20 T -20
=
g 2 2 i
o =
- £ g g g
3 3 = 2 5
-30 n = ~30 =
-20 -15 -10 -5 -20 -15 -10 -5
logyo[CR(LN - eN)] 10g4o[CR(UN — eN)]
= -5 = -5
4 =
l:x. -10 ;1 ~10
[ v ™ £ TNaes T
T =15 1 =15
& 5
& -20 F -20
@, . [} m ) ; %)
53 = = =3 i poney 5
> =25§ & o -25 g
o 5 o 8 E
-30 = -30 =
-20 -15 -10 -5 -20 -15 -10 -5
logo[CR(LN — eN)] log;o[CR(UN - eN)]

Kevin Hinze [University of Basel] LAWPHYSICS June 26, 2023



Introduction VLFs Testable model Proton decay Flavor violation ~Conclusion 15/15

Conclusion

U VLFs provide an interesting solution to the the
“bad-mass-relation” of the GG model.

) The addition of 10g 4+ 10 or 15¢ + 15¢ allows to build viable
models which are however not fully testable by planed
experiments.

) The addition of 5 4+ 5f in combination with 2 x 154 gives a
highly predictive model which will be fully tested by upcoming
proton decay experiments. Moreover, future flavor violation
experiments provide additional possibilities to test this model.
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10¢ -|—E|:

2 GG model + 10 + 10¢

LYY 10r,10F,54 + Ygi 10Fa§Fi5>|t|
+ 10r 4(tta + 72241)10F 4

a2 Mp = (<5H>Yd i/l;) Mg — <(5H>YdT}3x4>’

E
4x3  4x1 ME  Jixa

where ME = s+ %773<24H>, ME = s+ %na<24|.|>
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15 + EF

2 GG model + 15¢ +15¢
0 15 =%4(1,3,1) + £3(3,2, 1) + Z6(6,1, —3)

LD Y;} IOFiIOFj5H + Yicj! 10|:i§|:j5*H + Yia 15F§Fi5ﬁ
+ Y:: 10FiT5F24H + (m15 +y 24H)EF15F + h.c.

(54) Y4 <24H>Y°> a7
J Mp = . M. = (5y)Y
D <<5H>Ya |\/|):3 < H>
= Mg ~ (54) (Y4 + 5 YOY3), Me = (54)Y4"

Dorgner, Saad (2019)
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Proton decay

2 2
Mp—n e}') I (1 — —) TGUT A2

2
m Mot

x(A§L|c(em A)(x°l(ud)e e )2 + Adlc{ea, &) (x°l(ud)rn o)),

c(eg, dg) = (Eg)ia(Dj)is + (ER)ia(Up)n(UL)i (D7 )is + (ER)aa(D])as,
c(ea, dE;) = (E])aa(Dg)as.

My = UM UT, Mp = D, M3 |
Mg = £, M{P2EL | My = N* MGPENT,
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Particle masses
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