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Current knowledge of neutrino oscillations

@ Global fit to neutrino masses and mixing angles:

Normal Ordering (best fit) Inverted Ordering (Ax? = 4.7)
bfp £1lo 30 range bfp £lo 30 range
sin? 012 0.3101901% 0.275 — 0.350 0.31079:01% 0.275 — 0.350
012/° 33.8207% 31.61 — 36.27 33.82107% 31.61 — 36.27
sin? faz 0.58010057 0.418 — 0.627 0.584F5-016 0.423 — 0.629
Ba3/° 49.6119 40.3 — 52.4 49.8+10 40.6 — 52.5
B sin? 013 0.02241F5:00065 () 02045 — 0.02439 | 0.0226419:0096¢  0.02068 — 0.02463
Z | 0w/° 8617013 8.22 — 8.99 8.657013 8.27 — 9.03
i ,
% | dop/° 215139 125 — 392 284127 196 — 360
21 Amg
= ﬁ 7.3970:28 6.79 — 8.01 7391921 6.79 — 8.01
Amg[ =o=+0.033 5 19~ o= =1040.034 ‘ P
s ogT | T2O2I00E 4242742625 | 25125055 —2611 — —2.412

Esteban, Gonzalez-Garcia, Maltoni, Schwetz, Zhou (2019)

@ The type of mass hierarchy, CP violation in oscillation, lightest neutrino
mass, and whether neutrinos are Dirac or Majorana are still unknown.



EFT for neutrino masses and oscillations

@ Neutrino masses are zero in the Standard Model

@ Neutrino masses and oscillations can be explained in terms of the
celebrated Weinberg operator

@ It is the leading operator in SMEFT and arises at dimension-five,
suppressed by one power of an inverse mass scale

@ It violates lepton number by two units and generates neutrino
masses:

0, = “""(L'U)HkH’ €ike

- “a”( HO — 0,H)(wpH® — £,H)

= (My)ab = ("‘C)abv2

o k=1 ~ (10" GeV) can be inferred from data



Strong reasons to not stop at EFT

EFT description cannot be the end goal, or else important
phenomen would be missed

What if neutrinos are Dirac particles? O; is then the wrong
description

What if neutrino masses arose from d = 7 operators or d =9
operatos in a fundamental theory, and not through O;?

Even when the scale of new physics is beyond reach to current
experiments, opening the EFT operator can give new insight

An example is baryon asymmetry generation via leptogensis

Requires opening up the Weinberg operator. Baryon asymmetry
originates from the decays of N¢, the mediator of O



The origin of neutrino mass:

@ Adding right-handed neutrino N¢ which
transforms as singlet under SU(2),,

L=f(L-H)N+ IMgN°N°

@ Integrating out the N°, AL = 2 operator is
induced:

po_ _RLH)(L-H)
eff — MR

@ Once H acquires VEV, neutrino mass is

induced: )
v

Mg

2
my, >~ f;

@ For f,v ~ 100 GeV, Mg ~ 10** GeV.

Seesaw mechanism
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Minkowski (1977)

Yanagida (1979)

Gell-Mann, Ramond, Slansky (1980)
Mohapatra & Senjanovic (1980)



Seesaw mechanism (cont.)

Type Il seesaw: 3 ~ (1,3,1)

Mohapatra & Senjanovic (1980)
Schechter & Valle (1980)
Lazarides, Shafi, & Wetterich (1981)

Type Il seesaw: N3 ~ (1,3,0)

Foot, Lew, He, & Joshi (1989)

Legs =

LLHH



Baryogenesis via leptogenesis and type-| seesaw

@ In the early history of the universe, a lepton asymmetry may be
dynamically generated in the decay of N Fukugita, Yanagida (1986)

N being a Maiorana fermion can decav to L + H as well as [ + H*

l - H
£

H +H

NN

+H
£

N—< + N
[

@ Three Sakharov conditions can be satisfied: B violation via
electroweak sphaleron, C and CP violation in Yukawa couplings of
N, and out of equilibrium condition via expanding universe

o Lepton asymmetry in decay of N; (with My < M, 3):

3 1 My
€1~ ————— Im [(£,£)%] —
T i o™ O

@ £ ~ 1079 can explain observed baryon asymmetry of the universe

@ Indirect tests in Majorana nature of v and in CP violation in
oscillations



Radiative neutrino mass generation

An alternative to seesaw is radiative neutrino mass generation,
where neutrino mass is absent at tree level but arises via quantum
loop correction

The smallness of neutrino mass is explained by loop and chiral
suppressions

Loop diagrams may arise at 1-loop, 2-loop or 3-loop levels
New physics scale typically near TeV and thus accessible to LHC

Further tests in observable LFV processes and as nonstandard
neutrino interaction (NSI) in oscillations



Effective AL = 2 Operators

O = L'UUHH'eyey

Or = L'ULFe"H'ejen

0s = {L'UQ“d°Hejen, L'IQd“H'epes}
Oy = {UUQuaH ey, L'UQuucH e;}

O = LiLijch/Hm’:liEjlekm

O = LiLjékLTEHIHkFI,'Ej/

O; = L'QeQuH H H ciréjm
O = Leicd He;

Oy = LMl e cjen

07 = L'HH'eweyH " Hy,

Babu & Leung (2001)

de Gouvea & Jenkins (2008)

Angel & Volkas (2012)

Cai, Herrero-Garcia, Schmidt, Vicente, Volkas (2017)

Lehman (2014) — all d = 7 operators

Li, Ren, Xiao, Yu, Zheng (2020); Liao, Ma (2020) — all d = 9 operators



B & L selection rules and EFT dimension

@ In SMEFT, lepton number violation arises via odd dimensional
operators (d =5,7,9,11,...)

@ In fact, selection rule in terms of B — L is more intuitive

@ All odd dimensional EFT operators carry |A(B — L)| = 2, while all
even EFT operators have A(B—L) =0

e Eg: For p — et with A(B — L) =0, EFT operator arises at
d = 6, while for n — e~ 7" with A(B — L) = —2, the EFT operator
arisesat d =7

e Eg: n— 7 oscillations are mediated by d = 9 operators and have
AB-L)=-2
Kobach (2016)



Neutrino masses through operator O]

O} has dimension 7 and is suppressed by 1/A3

O = L'UH*H'ejey H* ™ Hpy
a
= m, ~ ﬁ
Allows for the new physics scale A ~ 10% GeV

For O; to be the leading neutrino mass source, a pair of fermions (X
and Y) and a new scalar field (®) are introduced:

¥(1,3,2) = (=t ¥%, %(1,3,-2)=(X0, X ,x )
®(1,4,3) = (o, 07 ot 00)

A new feature of the model is the triply charged scalar

Neutrino masses arise at tree level

Babu, Nandi, Tavartkiladze (2009)
Bambhaniya, J. Chakraborty, Goswami, Konar (2013)
K. Ghosh, S. Jana, S. Nandi (2018)

T. Ghosh, S. Jana, S. Nandi (2018)



Neutrino mass from O7 (cont.)

H 7
N
\H K w
1
\ NS

Pt

&
3

(Lp)*

@ Neutrino mass at tree level is given by:

(M, = Y E Y Yvey
vy Mz

@ Vg is an induced VEV and is given by

Asv?
2M2

Vo =



Neutrino mass from O7 (cont.)

@ At one-loop, the model produces d =5 Weinberg operator
@ The loop diagram is finite, showing the consistency of model
@ Loop-induced neutrino mass is:

2 Mz 2 M2
(3+\/§)>\5V2MZ(Yin/+ YIIYJ) M®log (Vg) MHlOg (Wz)

(MV)}'JE)OP = 32 2 M2 M2 M2 M2 - M2 M2
w2(Mg — M) s — My s~ My




Neutrino mass constraints from O
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Bambhaniya, J. Chakraborty, Goswami, Konar (2013)

@ For d = 7 operator to be leading over d = 5 operator, mass of ¢
should be less than a few TeV
o ®TT* can be pair produced at LHC, with subsequent decay to
WFTWHW+ or WHetet
@ High luminosity LHC reach is about 900 GeV on ®+** mass
T. Ghosh, S. Jana, S. Nandi (2018)
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Operator O, and the Zee model

Introduce a singly charged scalar and a second Higgs doublet to standard model:

L = LR e+ pH®Ph ™ cqp + hic
R
O = L'V L¥e H ey
Zee (1980)

Neutrino mass arises at one-loop.

i<¢>

The minimal version of this model in which only one Higgs doublet couples to a
given fermion sector yields

0 m m 2 _ 2
ep et fij (mi mj)
my, = Mey 0 my,r , mj o2 A
T
Mer  Myr 0

It requires 012 ~ 7/4 — ruled out by solar + KamLAND data.

Koide (2001); Frampton et al. (2002); He (2004)



Neutrino oscillations in the Zee model

@ Neutrino oscillation data can be fit to the Zee model consistently
without the Z, symmetry

@ Some benchmark points for Yukawa couplings of second doublet:

Yee 0 Yer

BPI1: Y 0 Yy Yir

0 Ym Y-

0 Yep Yer

BPII: Y Vie 0 Y,
0 er Yor

Yee 0 Yer

BPIII: YV 0 Y Y
}/;e 0 YTT

Babu, Dev, Jana, Thapa (2019)



Neutrino fit in the Zee model

0.36 10CL(NH) 36 BF(NuFit) (IH) 10CLNH) 3 BF(NuFit) (IH)
- — 20CL(NH) # BF(NUFit) (NH) —_ 801 cm # BF(NUFit) (NH)
30CL(NH) * BPIgH) L 30CLIND « BPI(H)
0.34 2>
~ * BP2(H) * BP2(IH)
o v 75
S = BPI(NH) i = BPI(NH)
~_ 0.32 ‘Q_
£ s
» N
0.30] £ 7.0]
10CL(H) E 10 CL(IH)
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Babu, Dev, Jana, Thapa (2019)



Neutrino Non-Standard Interactions (NSI)

Neutrino oscillation picture would change if there are non-standard
interactions

Modification of matter effects most important
EFT for neutrino NSI:

LNt = —2V2Ge D 2y (Bar" Puvs) (FyuPxf)
f.X,a,8

£S5 = —2v2Ge ST X (Bay"Puts) (Fv.Pxf)
f,f’,X,a,B

Wolfenstein (1978)
Effective Hamiltonian for neutrino propagation in matter is now:

1 0 0 0 l+cee €ep  Eer
H=_zulo Am3, 0 | U" +V2GEN.(x) € Eun Ear
0 0 Am_f,1 € € Err

et nT

€ap measure of NSI normalized to weak interaction strength



Neutrino NSI

For neutrino propagation in matter, €, are related to the effective
Lagrangian parameters as:

Ne(x)\ w
EaB = [
s fe{ezid} < Ne(x)> °

e Np(x u Np(x u
=+ < NEEX; > (e85 +e05) + < ( )> (ehs +2:8%)

For neutral matter, we have, with Y,(x)

Cap = Eap T2+ Ya(x)]ehs + [1+2Ya(x)] 05

Ya(x) = (1.012 — 1.137) in Earth; Y,(x) = (0.5 —0.15) in Sun

Neutrino oscillation experiments sensitive to sub-percent €,

20



lceCube Limits on €,

@ IceCube Collaboration has analyzed atmospheric neutrino data with
real €,, # 0 with all other €43 =0

—90% CL

% Cl

—2ALLH

v, survival probability

e (a) v, survival probability for up-going v,; and (b) 90% CL limit on
€7 are shown
—0.0067 < ¢, < 0.0081

@ Even sub-percent NSI can affect future determination of mass
ordering!

21



Neutrino NSI in the Zee model

@ The two charged scalars of the Zee model mediate NSI

Vu ML \%M vﬂ
AH ]

.m Ha
IWL W}z VoL "}L/\
(b) (©

@ The NSI parameters are given by:
1 sin?¢  cos? @)
Eap=——Yae Y5 | —— +
A 4\/§GF s < mi+ m[2-[+

@ Constrained by LHC and LEP direct limits; cLFV; precision
electroweak tests; neutrino oscillation data; and theory

Babu, Dev, Jana, Thapa (2019)
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Zee model NSI

Eu

my (GeV) my (GeV)

200 300
my (GeV)
Babu, Dev, Jana, Thapa (2019)
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Operator Oy and 2-loop neutrino mass

@ Introduce a singly charged scalar h* and a doubly charged scalar k*™ to
SM. This leads to lepton number violation:

L= LM e+ gjefe k™™ +ph™h k™ 4 hec.
R
Og = L’LijeCL/eCGUEk/

Zee (1985); Babu (1988)

1 |k \
i H \
B A W S TP U— T—
v e e e e v
g m?

(ml/ )largest =~

(1672)2 A
@ One of the neutrinos is (nearly) massless.

@ A~1TeVfor f ~gn~0.1.

@ Fully consistent with neutrino oscillation data.
Babu & Macesanu (2002); M. Nebot et al. (2008)
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Operator Oy (cont.)

Cross section for h* and k™ at LHC and Tevatron

o (fh)
G (fb)

10°F ]

10 B I L L I 10 I
250 500 750 1000 250 500
h* mass (GeV)

LHC: solid line, Tevatron: dashed line

Babu & Macesanu (2002)
Avristizabal-Sierra & Hirsch (2006)
Nebot, Oliver, Paolo, & Santamaria (2008)

750 1000
k** mass (GeV)
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Operator Og

@ Operator Og = L;jH;d“i°e%ej; induces neutrino mass at two—loop:

m-mpm;v
(1672)2A3

@ Scale of new physics is near TeV

my

@ Leptoquarks are needed for UV completion
@ The same leptoquarks may be relevant for B meson decay anomalies

@ R, and S; leptoquarks can induce Og
Babu, Julio (2010)
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Leptoquark model for Og

@ Introduce new particles under SU(3). x SU(2). x U(1)y gauge group:

L= Yil?dfQPeus + Fyefufx 7 + pQ Hx % 4 hec.

W23 s
a=( )~ G210 1)

@ The simultaneous presence of these three terms will break lepton number

P

<H°>

@ The p parameter will cause mixing between X3 and w3,

m3 v . 2uv
( v mi >:>sm29— I\/I2 Ve

Mi, = % [mi + mi F \/(mf, - m2)?+ 4M2V2]
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Neutrino mass generation

X-1/3 X3 X3
PR PN P
7 N 7 N 7 N
/ \ / \ \
l: Py T < 1 T T o—<\ <
vy o deodg £ VL v de dp oy uf e, VL v d© ULt et VL
N 7 N e
N ~5 -
W H- e
P T
(M)i; = MoYu(Da)k(VT)ki(Du)i(FT)(De)jlins + transpose,
R 3g2 sin 20 mgmpms
Mo = 2)2 2
(1672) M5
. m m, . myg m. . m, m
D, = diag. |—,—,1|, Dy =diag. | —<%,—,1|, D, = diag. | —, —£,1
me Mg mp mp ms Mg



Neutrino mass generation (cont.)

e 1 1
ikl ( 1 / dX/ dt t 1+
L Z M2 — m?, f,v t+ My, t+m?

| (lfx)term,_,l+(lfx)M2
A0, (1 - x)m?,

=100GeV
M, -

03i My —M, =40GeV 7
o \

500 600 700 800 900 _ 1000
My(GeV)

M, =70GeV
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Neutrino mass matrix

1my 1
1 mO 5"7,ny 1 E{m
~ K = = K
M, ~ mg 5 - Xy . "’Tlev 52+ 3 e X
Yy Yy L K
5y 52 + 2me X 1+w
_F35 _ Vi3 _ Y3 _ F3 Yo (mc ms\ lik2
X=E_=2, y=——, z=5 w=_-—|— — | =
F33 Y33 Y33 F35 Y33 \m: my ) lixs
5 om
. . 13 me
mo =2 MoF33Ya3lus;  (Mu)in >~ y—=—mo
F33 mr

@ This mass matrix has normal hierarchy structure.
@ The (1,1) entry is highly suppressed, i.e. < 0.01 eV.

@ w may be significant for Mo < 1TeV.



Predictions for w < 1

@ Forw<k1,
1my 1
1m0 2mmTXy 1 2}1/m
= K piZ = = K
M, ~ mg 2"1*Xy . m*lxi 2z+2me
= = = K
2y 22T 3m X 1

@ det M, =0, together with (M, )11 ~ 0,

m ~0, a~0, f~2+7

2
tan” 013 =~

sin? 2013 ~ 0.16

which differs by 4.2 from recent sin® 26;3 results.
(sin? 2013)exp = 0.092 £ 0.016 + 0.005
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Predictions for w > 1

@ Forw > 1,

F3, Y- m, m I
w= %ﬁ <7c> <7s> H2 51 5 |FasYas| < |FYal
F33 Ya3 \ m: myp /) likz

@ This could generate (M, )13 ~ (M, )11 ~ 0.
Glashow, Frampton, & Marfatia (2002)
Xing (2002)

2.0

1.5¢

1.0

o/n

010 oIS 0.20

sin?26;3
@ The value of 613 is consistent with current measurements (the blue lines
correspond to 20 allowed value from Daya Bay).
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A full list of d = 9 six-fermion operators

The AL = 2 operators at d = 9 has been fully classified
Li, Ren, Xiao, Yu, Zheng (2020); Liao, Ma (2020)

We have looked into all such same-sign dilepton operators

Babu, Ismail, Goncalves (to appear)

We impose that there be no neutrinos in these operators. This is a
requirement to observe L violation at LHC

Missing energy associated with events would lead to confusion on
whether positive lepton number (v) or negative lepton number (7)
carried them

Identities that are used: Fierze rearrangement; equations of motions,
integration by parts; color identities; SU(2), identities

n3(5 + 5n — n? 4 35n3) /4 operators

For n =1, this is 11 operators, relevant for neutrinoless double beta
decay

For n = 3, there are 6453 operators of this type
33



A full list of d = 9 six-fermion

Operator
T QI gl 8s QD65 D0

o)
Ko LrE L Q0 e0nQ7 (D7) €, (D)

Koo L5 L QU001 6,507 (D770, D)0

Ry

Koty LErsLAQU s st QD)3 (D)5
Koo L0 75 L Q 7t 8,5Q™ (D 71,0,8,4( D)

Koot L0 LIQUTE o QI D0, 3, D
Koo L"0" 75 LQ 0,078, 8:5Q (D77 6D
Kot 0 700, 7@ (D)5 (D

Koo L0 T L Q0 0l 7k 8,507 (D7) 710,,6,5( D7)

Tt
Kt nton E0m T LQea0 5 00 QmIA(D7 )0, 45D

Fiork YT t“yu\mu_“ TPk 8 5(QIh)1

PP Qe ok A

,mym.y 5
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Q) ()

Kasiganyen Lo iaeaam (U )’”"’Q‘ ) o (QM )
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w4 ) (n - 172/8
n—1)%/8

w3 1% (- 1)/8

U)o (D) 6, DF) 00
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EFT for baryon number violation

The leading B-violating operators in SMEFT arise at d = 6:

@
Os

(QiQ)(QuLi)(Te

(du)"(QiLy)ej, Oa = (QiQ))(ue®) ey,

)i - (T, Os = (d°u)"(ue)”

03 = (QiQ)(QkLy)ejjen

These have A(B — L) =0, and can lead to proton decay such as

p—etnd

At d = 7 there are new operators:

B = |
By = |

G5 = (Qe)d°d) H;,
@7:(

Oy = (d°Dud)"(d

These lead to A(B —

L)=

“Dyd)" (Lin" @),
deytef)

du®)*(d°Li)" H ey, Oz = (d°d)"(u°Li)" H e,
Qi QJ)(dCLk) H/ €ij€kl, 04 (Q:Qj)(chk)*Hl*(Fe)ij : (Fﬁ)kh

(dCdC)*(dC )*H

Og =
Og = (d°D, L))" (d+" Q)),

—2, and decays such as n — e~ 7+
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Proton Decay in GUTs

@ d = 6 operators arise mediated by super-heavy X and Y gauge
bosons of GUT

o Effective operator has the form:

2

‘Ceﬁ = M(

e, u) (@ d)

@ Leads to p — e™7° decay

36



Proton Decay in GUTs (cont.)

o Current limit on p — eT7% is 7, < 1.7 x 10%* yrs. (SuperK)

@ In non-SUSY SO(10) GUT with an intermediate symmetry
SU(4). x SU(2). x SU(2)g x P, the lifetime was estimated
including threshold corrections:

Babu, Khan (2015)

r1(p— etn®) ~ (8.2 x 103 yr)

" ( ay )’2< ag >’2 ( Ap )*2< My )4
0.0122 GeV? 1/34.7 3.35 1016 GeV

o 7, < 2x 10% yrs. is found
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Proton Decay in SUSY GUTs

New decays open up, mediated by color triplet Higgsino
Decay rate depends on SUSY particle masses
Dominant decay is p — 7K™+

For TeV scale SUSY scalars, 7 a2 1032 yrs.
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Proton Decay in SUSY SU(5)

1036 4
1035 ]
1034
1033
10% ],
1031 ]
10%°
10%

Tp—ok+) (years)

m01,2 (TGV)

Winberg, Sakai, Yanagida, Murayama, Hisano, Yanagida, Perez, Nath
Gogoladze, Un, KB (2020), Ellis et.al. (2019)
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n — n oscillation

In presence of AB = 2 EFT operators, neutron can oscillate into
anti-neutron

n and i1 have opposite magnetic moments: u, = —1.9uy

Oscillation in vacuum is inhibited by ﬁg interactions with earth's
magnetic field

Time evolution of n — i system governed by:

o ma—jin-B—i)2 5m
MB_( om m,,+ﬁ,,-§—i)\/2

Here 1/\ = 7, = 880 sec., m,, is neutron mass.
L=mpnn+ %nnTCn

dm violates B by 2 units. ( dm = 0 in standard model)

Discovery of n — i oscillations would prove violation of baryon number
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n — 7 oscillation Phenomenology (cont.)

n — A transition probability:

P(n — fi) = sin®(26) sin®(AEt/2)e™*t
AE ~2|,.B|, tan(26) = — m

—

tin-B

Quasifree condition holds: .
| Blt << 1

P(n— ) ~ [(5m)1t]2 = [1,“/7,,_,;]2
Number of 71 created after time t is

Nz = P(n — A)N, ~ ¢ Trun[t/To_a]?

Best limit on free neutron oscillation: 7,5 > 8.6 x 107 sec.
Baldo-ceolin et. al., ILL (1994)
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n — 7 oscillation Phenomenology (cont.)

@ n — 7 transition can occur in nuclei. However, energy difference is of

order 30 MeV, suppressing oscillation by a large factor:

Thwe = RT2., R ~5 x 10%sec™?

nn»’

Chetyrkin et. al (1981); Dover, Gal, Richards (1995); Kopeliovich et. al.
(2012),...

Best limit from SuperK: 7,7 > 3.5 x 102 sec.
=0m< 1073 eV
For free neutron oscillations degaussing of earth’s magnetic field to

level nano-Tesla required for improved determination

There are plans to improve sensitivity by two to three orders at a
proposed experiment at ESS
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Models of n — i oscillations

o Effective AB = 2 operator that mediates neutron oscillation is:

(udd)?

ﬁcff = NG

@ High dimension implies oscillations probe scale of A ~ 10° GeV

@ This operator naturally arises in quark-lepton unified theories based
on SU(2), x SU(2)r x SU(4)¢ as partners of seesaw mechanism for
neutrinos

@ A fields are color sextet scalars, which do not mediate proton decay.
Eeﬂ‘ = ()\f?’ VBL)/M6 ut (Aw);WH

uS

Ay 2
LS
)

Agal

'

a &
d° d°

"Wy

Mohapatra, Marshak (1980)
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From quarks to nucleons

The quark level Lagrangian needs to be converted to nucleon level
om

MIT bag model calculations showed dm ~ A%, /A> with
AQCD ~ 200 MeV
Shrock-Rao (1982)

Recent lattice calculations show enhancement of oscillation
probability by an order of magnitude
Rinaldi et. al. (2018)

For n — f transition in nuclei, nuclear physics calculations have been
improving
Friedman, Gal (2008)
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Effective n — i operators

@ There are 12 quark level operators:

6
Leff D Z ¢0; +cO; +h.c
i=1

@ These operators have the form (Wagman-Buchoff basis):

0 = %Engi/j'k'(ﬁ;CPRdj)(ﬁ,-C/ Prd;)(d Prdjs) ,

O2 = ejuep e (5 PLd;)(T5 Prdy ) (df Prdyr)

O3 = 3 cierur (TP PLdy (T Prd)

Os = ejueirjre (07 Pruy )(di Prdy )(di Prdyes)

Os = (ejueirjin + Ei/jkfijlk_’)(EfPRd_i/)(ﬁfPLdj')(J/fPLdk/) ,
Os = egeiin (GEPLU)(dEPLdy )(dEPrlr)

+(€Uk6i’j’k/ —+ Gi’jkffj’k/)(EfPLdi’)(EfPLdj’)(gEPde’)
Rinaldi et. al. (2019)
@ n — n oscillations may be related to baryon asymmetry
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Conclusions

EFT description is extremely good for B and L violation in the SM

Stopping at EFT may miss important phenomena such as
leptogenesis

Various d = 7 and d = 9 lepton number violating EFT operators
can lead to interesting neutrino mass models

These models may be realized near the TeV scale, with potential
signals for NSI, cFLV and direct detection at colliders

Baryon number violation well described by EFT, leading to proton
decay and neutron-antineutron oscillations

Let us push these ideas from all sides! Directly and indirectly!
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