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The Witten’s loop

NEUTRINO MASSES IN THE MINIMAL O(10) THEORY * Phys. Lett. B91 (1980) 81
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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 acquire masses at the two loop level. The left-handed
neutrino masses are correspondingly larger by a factor roughly (a/n)~2 than they would be if the right-handed neutrino
could acquire mass at the tree level. In the simplest form of this theory, the neutrino mass matrix is proportional to the up
quark mass matrix, and the neutrino mixing angles equal the usual Cabibbo angles. The neutrino masses will be roughly in
the range 10°*2 ¢V depending on the strength of O(10) symmetry breaking, and on certain unknown ratios of masses and
couplings of superheavy particles.
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The Witten’s loop

Not many true applications though!

Early 1980’s: no need for a hierarchy of scales (seesaw vs. GUT)

stability issues in the minimal SO(10) scenario
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The Witten’s loop

Not many true applications though!

Early 1980’s: no need for a hierarchy of scales (seesaw vs. GUT)

stability issues in the minimal SO(10) scenario
Mid 1980’s: paradigm shift towards TeV-scale SUSY, loops killed

Few exceptions: super-split supersymmetry - scalars at the GUT scale

Bajc, Senjanovic, Phys. Lett.B610 (2005) 80
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Witten’s loop in the flipped SU(5)

PHYSICAL REVIEW D 89, 055003 (2014)
Witten’s mechanism in the flipped SU(5) unification
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We argue that Witten’s loop mechanism for the right-handed Majorana neutrino mass generation
identified originally in the SO(10) grand unification context can be successfully adopted to the class of the
simplest flipped SU(5) models. In such a framework, the main drawback of the SO(10) prototype—in
particular, the generic tension among the gauge unification constraints and the absolute neutrino mass
scale—is alleviated, and a simple yet potentially realistic and testable scenario emerges.

see also G.K.Leontaris and J.D.Vergados, PLB 258 (1991), | | |
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Flipped SU(5) crash course

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

Matter: 163, > (10, +1)p ® (5,=3)ar @ (1, +5)m
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Flipped SU(5) crash course

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

Matter: 163, > (10, +1)p ® (5,=3)ar @ (1, +5)m

2 possible Ysm assighments:

Standard: Y = Ty uc, Q, e dc, L Ve
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SO(10) D SU(5) x U(1)z

Matter: 163, > (10, +1)p ® (5,=3)ar @ (1, +5)m

2 possible Ysm assighments:

\/
Flipped: Y = (Z —Ths) d°,Q,v° u’, L e’
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Flipped SU(5) crash course

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

Matter: 163, > (10, +1)p ® (5,=3)ar @ (1, +5)m

2 possible Ysm assighments:

v v

\ 4
Flipped: Y = (Z —Ths) d°,Q,v° u’, L ¢

Q)

Symmetry breaking: 165 > (10,41) gy SU(5) x U(I) to the SM
10> (5,-2)m SM to the QCD x QED
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Flipped SU(5) crash course

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

Matter: 163, > (10, +1)p ® (5,=3)ar @ (1, +5)m

2 possible Ysm assighments:

v v

\ 4
Flipped: Y = (Z —Ths) d°,Q,v° u’, L ¢

Q)

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

107> (5=2)m  SMtothe QCD x QED
XY’
Gauge sector: 5a > (24,0)¢ ®(1,0)¢ > (3.2, — )¢ + h.c
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RH neutrino masses in the flipped SU(5)

Tree level: 103, Y501037(50x)
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RH neutrino masses in the flipped SU(5)

10z 10 <5OH> OK, but overkill

Witten’s loop:
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RH neutrino masses in the flipped SU(5)

10z 10 <5OH> OK, but overkill

Witten’s loop: 4'°Px X 44.9“>
f
l
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RH neutrino masses in the flipped SU(5)

Witten’s loop:

M5H10H10H

100/ Y10100/51
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RH neutrino masses in the flipped SU(5)

Witten’s loop:
9! 5H 1OH 1OH
1 10 2 )2 O(1) factor depending
My = § < H> K() on the details of

= g Yo
(1672)2 M?2

the heavy spectrum
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Seesaw - the key to phenomenology
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Seesaw - the key to phenomenology

MDm—l(MD)T _ MM

|74 174 |74

Perturbativity, non-tachyonicity:

D UD'UD,| < K(..) x 1072 My
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MDm—l(MD)T _ MM

|74 174 |74

Perturbativity, non-tachyonicity:
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Seesaw - the key to phenomenology

‘Ad[l)77l—él(jxfnﬂ))1ﬁ _ ]VIﬂd'

|74 174 |74

Perturbativity, non-tachyonicity:

DUSD, U Dyl S K () %[1072 M) ~10115 Gev

Feature | : absolute neutrino mass scale

104 0 0
LHS: ~ 0 5x10° 0 GeV forUy=land m =8x 102eV
0 0 5 x 1013
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Seesaw - the key to phenomenology

Perturbativity, non-tachyonicity:

DUSD, U Dyl S K () %[1072 M) ~10115 Gev

Feature | : absolute neutrino mass scale

104 0 0
LHS: ~ 0 5x10° 0 GeV forUy=land m =8x 102eV
0 0 5 x 1013

Feature 2 : Flavour structure constrained (Uy)

101000 0 0
D ! looks like 0 10111 o | Gev-'I!t
0 0 100
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The magic of Uy - BNV nucleon decays

I'(p— 7)) T'(p— ntD) I'(n— 7 £) TI'(n— 7'D)
I'p— K% T(p—K*tv) T(n—K¢) I'(n— KD

(8%

IL'(p —ntl) ['(n — nv)
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The magic of Uy - BNV nucleon decays

I'(p— %) T'(p— ntD) I'(n— 74 T'(n— 7'D)

F(p — Kofi) F(p — K"‘?) F(n —> K_€+) F(n — KOF)

«

I'(p—ntl) ['(n — nv)
—___—

Charged mesons: T'(p — KT7) =0

(no flavour ambiguity!) g 4 m
+—\ P A2 2 2
I'p—7n"D) = (M—G> 87Tf7%AL‘a‘ (1+ D+ F)
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The magic of Uy - BNV nucleon decays

I'(p— w%) T'(p— ntD) I'(n— 74 T'(n— 7'D)

I'(p— K°%}) T'(p— KD) I'(n— K () TI'(n— K)

«

I'(p—ntl) ['(n — nv)
—__ _—

Charged mesons: T'(p — KT7) =0

(no flavour ambiguity!) g 4 m
+—\ P A2 2 2
I'p—7n"D) = (M—G> 87Tf7%AL‘a‘ (1+ D+ F)
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The magic of Uy - BNV nucleon decays

I'(p— w%) T'(p— ntD) I'(n— 74 T'(n— 7'D)

I'(p— K°%}) T'(p— KD) I'(n— K () TI'(n— K)

«

IL'(p —ntl) ['(n — nv)
T — e ——————————

Charged mesons: T'(p — KT7) =0

(no flavour ambiguity!) g 4 m
+—\ P A2 2 2
I'p—7n"D) = (M—G> 87Tf7%AL‘a‘ (1+ D+ F)

Neutral mesons: .
T(p— mtf) = §F(P — 7 0)|(Verv) 12| (Vermns Un)atl?

If we knew U\ there would be a prediction for ALL BNV channels!!!
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Proton decay into to neutral mesons+charged leptons

Unlikely to have both
[(p = T%*) and ['(p — TTOU™)
arbitrarily suppressed

K
o0
S 3
+
2 3
L
o0
00 =85 =80 ~25 =00 =15 =10
log( %)

C.Arbelaez-Rodriguez, H.Kolesova, MM, PRD89
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How about
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How about K?

D. Harries, MM, M. Zdrahal 2018 (in preparation)

MM — E1—loop(0) + ...

Broken phase (massive) perturbation theory, unitary gauge:
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Broken phase (massive) perturbation theory, unitary gauge:
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How about K?

D. Harries, MM, M. Zdrahal 2018 (in preparation)

MM — E1—loop(0) + ...

Broken phase (massive) perturbation theory, unitary gauge:

- No way to generate Mm at one-loop - no one-loop counterterm graphs

- Each single graph is UV divergent. No d=4 counterterm - 2(0) must be finite!

- Beware of possible IR divergences - internal fermions essentially massless!

Zero-momentum two-loop integrals: M.].G.Veltman, ].Van der Bij, Nucl. Phys. B23 1,205 (1984)
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How about K

D. Harries, MM, M. Zdrahal 2018 (in preparation)

2
Lint 3 [g_sfﬂ“VGXc‘x‘XuﬂDT + Xy P0G, + T X (@) 1,

2 \/i V2
— 8Yi5 dCTC_luLJT 4Y7 €ap (qLI)TC"quJT+h.c.]
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How about K

D. Harries, MM, M. Zdrahal 2018 (in preparation)

2
Lin > |5 VaXEXusD' + 2 Koy 10E, + 7o X (T0:)5 14V,

2 \/§ V2
— 8Vt ds C_IVLJT 4Y7 €ap (qL )TC_quJT+h.c.]

14 14
- &
dp [ dq 11 1 —gH + s pPp” —gf + 1 quq°
EP(O) — Z Z 4 4’7P 2D 2 2 V2 2 V2
@2m)t ) @m)t " —gp T (p+q)2-mz p?- M q* — My
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How about K

D. Harries, MM, M. Zdrahal 2018 (in preparation)

2

2 2 V2
— 8Y{5 diEC g T — 4Y(5 €ap (qL )TC_quJT+h.c.]

% %
> -
p.u 1 . 1 p
iTP(0) = i44° dip [ dlqg 11 1 + 3z PP =90 + 3z e
ey | e P T PoME P M
. . . M5 3M4  Malog (MZ) 3
UV divergences (in dim. reg.): “IML T IMk- + DA - + 5o
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How about K

D. Harries, MM, M. Zdrahal 2018 (in preparation)

2

2 \/5 V2
— 8Y{5 diEC g T — 4Y(5 €ap (qL )TC_quJT+h.c.]

% %
> -
p.u 1 . 1 p
iTP(0) = i44° dip [ dlqg 11 1 + 3z PP =90 + 3z e
ey | e P T PoME P M
. . . M5 3M4  Malog (MZ) 3
UV divergences (in dim. reg.): “IML T IMk- + DA - + 5o

Exactly cancelled among the three topologies!
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Results

D. Harries, MM, M. Zdrahal 2018 (in preparation)

My S107°Mx x 107" x 3 Y (Ua)a(UR)i2 I
i=1,2
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Results

D. Harries, MM, M. Zdrahal 2018 (in preparation)

m2 .
My S1072Mx x 107" x 3 ) (UA)z'l(UZ)zQI( ﬁ)
™
i=1.2 X

K is small !!!

The minimal scenario is necessarily a “TH5M”
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D. Harries, MM, M. Zdrahal 2018 (in preparation)

m2 .
My S1072Mx x 107" x 3 ) (UA)il(UZ)zQI( ﬁ)
™
i=1.2 X

K is small !!!
The minimal scenario is necessarily a “TH5M”

Smoking gun signals of the minimal flipped SU(5) unification

Push towards a quasi-degenrate neutrino spectrum

A lower limit on ['(p = 1% *) + '(p — T%u*)
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Results

D. Harries, MM, M. Zdrahal 2018 (in preparation)

ma
My S107°Mx x 107" x 3 E (UA)il(UZ)zQI( §Z>
m
i=1.2 X

Klis small !!!
The minimal scenario is necessarily a “TH5M”

Smoking gun signals of the minimal flipped SU(5) unification

Push towards a'quasi-degenrate neutrino spectrum

A lower limit on ['(p = 1% *) + '(p — T%u?)
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