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Pequeiiez de la masa de los neutrinos (107~ 'nv/me<me/mj“3x10'6)

WLWR¢+$R\|]L¢*S'S>Bm($LWR+ERWL)=mEW- Si se genera m./m,, {por qué no m,/m,?

Una vez se introduce g, el principio de gauge permite tener términos de masa de Majorana my,(W g s+WaW:°)

See-saw mechanism

m,~m?/m,,

my~my,

m,~50meV=>m,,~1010151GeV

Las desintegraciones de m, producen leptogénesis

Pero probablemente sin que se pueda medir o
nada (cLFV, etc.) en experimentos de esta o ‘ .

la siguiente generacion. /\

Pablo Roig Taller IFFUNAM 15-16/03/23



Pequeiez de la masa de los neutrinos (107~m,/m.<m./m{*3x10°)

Si los neutrinos son de Majorana Si medimos desintegracion doble 3 sin vs
Podemos tener desintegracion doble 3 sin vs... =>Los vsson de Majorana
(el inverso no es cierto)
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‘Fundamental’

Theory
A

E__426,

7 =

EFT

The most general, derivative-free, four-lepton interaction Hamiltonian,
consistent with Lorentz invariance is:

Gy n |, &n _
5 2 8l |1 T Wp)a | (AT ole] + e

n,e,w

H =4

Where €,w, o, A label the chiralities (L, R) of fermions, and n=5,V, T
the type of interaction: scalar (I'S — [),vector (FV = ") and tensor
(r" =o"/V2). o lgSl < 2,0gY) < 1and gl < 1/3.



For the case of massless neutrinos, the differential decay rate is:

dl m
dxd cos 0 47:3"“’ Gy \/ X = xo (F(x) — %P x° — x4 cos BA(x))

x [14C-Py(x,0)],

where P is the degree of the initial lepton polarization, 6 is the angle between the |
spin and the final charged-lepton momenta, w = (mf -+ mﬁ)/Zml, x = E;/w is the
reduced energy and xg = m,/w, f Is an arbitrary direction parallel to the final
charged-lepton spin and the polarization vector 73[, IS

Py =Pr - R+Pr, -y +P. -2

The components of 73,, are, respectively:

Pr, = Psind - Fr.(x) / {F(x) = $Py/x* =3 cos0A)},

Pr, =Psin0 - Fr,(x) / {F(x) - %P X" = xg cos 0A(x) },
_FIP(X) —|_ PCOSQ . FAP(X)
F(x) — %P\/xz — X5 cos OA(x)

PL:




These functions are written in terms of the well-known Michel Parameters

(psm,6,6,m",¢,¢",a, 8):
2
F(x) = x(1 — x) + 5|E(4X2 ~3x = x5 ) +fo(1 - x),
2
Ax) =1—x+ 55 (4X—4—|—‘\/1—X§),

1 ’/ 3 7
Fr,(x) = = {—2(5 + 12(p— Z))(l —x)x0 = 3n(x* = x5) + 7" (—3x" +4X—X§)]»

Fap(x) = [e”(zx —x =) +4(p = 3 ) @ = 3x—x3) + 20" (1 - x)o .
As an example:

1 T x
=5 Re[gLLgRR + gRRgLL + gLR(gRL + 6g ")+ gRL(g +681r )]-



/

/

Inthe SM, p=6=3/4,n=n —a =8 =0andE=¢ =¢ =1.

o= e v,V T e VU | T — i VU,

p | 0.74979 + 0.00026 | 0.747 & 0.010 | 0.763 + 0.020

1 0.057 4 0.034 — 0.094 £ 0.073

0.0016 1 — 0.016 == 0.013

¢ 1.0009" 5 0007 0.994 + 0.040 | 1.030 + 0.059

&5 | 07511790056 | 0.734 + 0.028 | 0.778 £ 0.037

¢ 1.00 + 0.04 _ _

| 065+ 036 _ _




The total decay rate is:

where

A my g(mﬁ/m%)
G”/ — G”/ 1 -+ 477

my £ (my/my)

f(x) = 1—8x—12x"log(x) +8x> —x*,g(x) = 1 +9x — 9x* — x° 4+ 6x(1 + x) log (x)
and the SM radiative correction (5ﬁ>c has been included.

" a |25 m; \
5RC: 2 — 7T —|—O ) —|—

T | 4

5 _ g2 I 3m% 9 m: ma _
G2 = 1+ Ar 1+ 22 4+ 240 &
Il _4\/§Ma/( ) 2 M2 ( 2 2)-




The current neutrino (v, g) is assumed to be the superposition of the
mass-eigenstate neutrinos (/;) with the mass m;, that is,

Vi = E :UlejLa ViR = E :VlejRa
J J T

where j = {1,2,..., n} with n the number of mass-eigenstate neutrinos.
Thus, we can write the effective Hamiltonian in the mass basis, for the
process | — l'_Nij.



G / 7 * N7 %
H = 4" Z {gl_SL {_IL V/’J'NjR] [NkR VIkIL] ‘|‘gLVL [FL’Y“ U/’ijL} [NkLU/k’YM/L]

—_ - — .
‘|'gng VRU,'J-NJL} [NkLUIkIR} ‘|‘gf¥R {IR’YM V/’J-NJ'R] [NkR Vlk’Y,,L/R]

+gLSR I_/LV/’J'NJ'R] [NkL U;;/R} ‘f‘gL\j? [/_II_’YM U/’_,'NJL] {Nm V/z’YM/R}
T -—, o Vi x O v S |7 N *
+ 8LR /Lﬁ V,'J-NJ'R} [NkL U G IR] + 8RL [IR U;’J-NJ'L] [NkR V/k/L]
i y

NI K Y NI K O. L
—|—gA>/L _//?’YM V/’ijR] [NkL UIk'Y,uIL} ‘|‘gRTL [/_//?ﬁUﬂijL] [NkR Vik \;5 IL] }

Note that |N|represents an antineutrino for the Dirac neutrino case, but
should be identified with N for the Majorana neutrino case

(N=N°=CN").




Dirac Neutrinos

N (ps3)
J @ Neutrino # Antineutrino.
@ One possible first-order Feynman
[~ (p1) > > I"™ (pa) diagram.
(V @ Well defined fermionic flux.

N’j (pg)



The Hamiltonian for the case of Majorana neutrinos is

G / * *
H = \/”5 Z {gl_SL [ﬂ_ V,'J-NJ'R} [NkR VlkIL} T gLVL [’7.7“ U,'ijL} [NkL U/k’Y,,L/L]
j,k

-+ gl:gR

=+ gLC?

+gA>/L [FR’Y”V/’JN ] [NkLUIk’Y,uJIL} =+ RT [

I

VN

- b S
‘|‘gng [I_;QU,’J-NJ‘L] NkLUIkIR} ‘|‘gf¥R [/R’YM V/’ijR} [NkR V/k’m/R}
N

v
O'”

=V, ] Ny U~

[NkL UlklR] ‘|_gLR {IL'Y U/'J-NJL} [NkR V/i%/R}
N;
V2

} + gRL {/_EU,'J-NJL] [NkR VlilL]

V2

,u,r/

V2

*O- 17
nZ U,/J.NJ-L] [NkR Vi \%
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Majorana Neutrinos

The possible first order Feynman diagrams for the I~ — /'~ N; N, decay
are:

Ni(p3) Nj(p2)
I~ (p1) > >C I'"(pa) I~ (p1) P DC ' (pa)
N;(p2) Ni(p3)

The first diagram leads to the same matrix element as the Dirac case,
while the second diagram is only possible in the Majorana neutrino case
and we already defined the orientation for each fermion chain.




Majorana Neutrinos

Then, after integrating over the neutrinos momenta, the decay rate will
have the following dependence on the amplitude:

1
dll x —Z\Mﬁ( - M%\Z
:—Z{\M 24 (MY . 2Re(MEMY))

— Z ‘M_jk‘ Z Re( JkM )
J,k

The interference term distinguishes between Dirac and Majorana cases,
which is sometimes called the|Majorana term,




The differential decay rate taking into account finite Dirac or Majorana neutrino masses is:

dlr my 4 5 > Linear in v masses
= E —w G \/x" —Xxg
dxd cos 0 \

jk47T

x ((Fis(x) + Fis(x) + Fi§(x)) = P cos0(Fas(x) + Fas(x) + FAs(x)) )

X |14+ ¢- P (x, 0)], Quadratic in v masses
where
PII:PTI')?+PT2')7—|—PL'£.
and the components of 731/ are, respectively, is linear, " is quadratic in v masses

Pr, = Psin0 - (Fr,(x) + Fr,(x) + F7,(x)) / N,
Pr, = Psin0 - (Fr,(x) + Fr,(x) + F1.(x)) / N,

P = ( — (Fip(x) + Fip(x) + Fip(x)) + P cos b - (Fap(x) + Fap(x) + FXP(X))) / N.

with N the normalization factor:
N = (Fig(x) + Fis(x) + Fie(x)) — P cos@(Fag(x) + Fas(x) 4+ Fas(x)) .



Total Decay Rate

Finally, integrating over all energy and angular configurations we obtained:

A2 5
Glml

l!’
[ r = Z I 3 f(mﬁ/m%) (1 —|—5Rc) y

=1 ik 1927

where Linear in v masses

G
i

| myg(my/mi)  mi [ g f(ma/mi) o my g (ma/mi)
Gu’{“)f"“‘(")f“ my F(m ) [( gy TR g (i fe

L [ 7 (mg/m) v my g (my/mi) 2
4+——1(C" )ik > +3(H")jx 5> ,
my f(my/m7) my f(my/mi)
Quadratic in v masses
with the functions defined as:

—1
f'(x) = —1+ 6x — 2x” 4 3x° (4 arctanh (X ) — 1) ;
x+1

f'(x) =1 —3x +3x" — x°,

—1
g,(x) =2 — 6x2 —|—x3 + 3x (4 arctanh (X ) + 1) ,
x4+1

g’ (x) =1 — x* + 2xlog(x).



Considering the constraints on an invisible heavy neutrino”, we can
estimate the suppression of the neutrino mass dependent terms compared
with the ones without this dependence (standard Michel distribution).

Neutrino Mass (MeV) Mixing |Uj,|° Process

Heavy (/ =€) | 0.001 - 0.45 10~ n—p+etu,
10 - 55 10~° T — ev,
135 - 350 10~° k — ev,
Heavy (I = p) 10 - 30 10~ ° T — v,
70 - 300 10~ k — pug
175 - 300 107° k — v,

Heavy (/=7) | 100-1.2x10° | 107" —=10"° | 7 — v, + 37

1x10°-60x10° | 107> — 10> Z — vy,

'A. de Gouvea and A. Kobach, Phys.Rev.D 93 (2016).



" Mixing Quadratic Term
Byl s (M) Suppression Suppression (mg)
Light (2) 110 — T T
Hz‘f“f’p()l) 0.001 - 0.45 10-3 10~ — 107 1018 — 1016

10 - 55 10 8 10710 10-19
135 - 350 108 10 7 ip-te
Heavy (l) 10 - 30 10 4 106 10 15
(L= p)
70 - 300 e 10-7 — NS 1076 — 1071
175 - 300 108 109 10718
Hz}a"in()]) 100 - 1.2x10° | 10-7—10-% | 10— il 10-18 — 1012
1x10% —60'% 10% | 1075 — 1073 105109 1071 —10~%
Heavy (2) 12 P 16
(1 — eNN) 10 - 30 10 10 10
175 - 300 104 —-101 | 107151012 106 — 1018
Heavy (2) ‘ . —1% 49 10=14 _ 10=10 ~314 __ 4n-10
(r = eNN) 135 - 350 10 10 10 10 10 10
Heavy (2) . ; FA—19 _ {H-8 35 . Thes 14 _ 1n=10
oo NS 100 - 300 10 10 10 10 10 10
175 - 350 1075 —-10"11 | 10~ —10"12 10-16 — 1012




g}fL — 096; g}%R — 0.25 and ggR — (.5 G
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(a) Dirac neutrinos.
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(b) Majorana neutrinos.



gy; = 0.96, g2, = 0.25 and g7, = 0.5

0.0004 +~ : - .
0.0002 + : : ~
0.0000 -+ ; - ’
I | — Dirac
: Majorana
-0.0002 +
-0.0004 +
1 1 | | 1 | | | | 1 | | 1 1 | | | ]
0.2 04 0.6 0.8 1.0
X

Figure 6: Neutrino mass contribution to Dirac and Majorana distributions.



] —
In this work we have studied the leptonic decay I' — | N;N,, where N; and N,
are mass-eigenstate neutrinos.

We have constructed its matrix element by using the most general four-lepton
effective interaction Hamiltonian and obtained the specific energy and angular
distribution of the final charged lepton, complemented with the decaying and final
charged-lepton polarization and the effects of Dirac and Majorana neutrino masses.

We have introduced generalized Michel parameters, that arise due to considering
finite neutrino masses and a specific neutrino nature.

We discuss their properties and main differences, together with some examples of
its application to model-dependent theories.

Specifically, for the case of 7-decay with one heavy final-state neutrino with a mass
around 10° — 10°MeV the linear term suppression could be of order 103, low
enough to be measured in current and forthcoming experiments.

Finally, it would also be interesting to analyze other type of leptonic decays, such
as radiative muon and tau decay with Dirac and Majorana neutrinos, where new
information could be obtained.




What is new:

@ We write our expressions in the PDG parametrization form, in a way
that complements all previous results, facilitating their application to
model-dependent scenarios.

@ We classity the Dirac and Majorana contributions with the help of a
flag parameter ¢ = 0, 1, making easier to distinguish between Dirac
and Majorana nature of neutrinos.

@ We also introduced and discussed the leading W-boson propagator
correction to the differential decay rate including the final
charged-lepton polarization.

Previous work on Michel parameters: Michel’50, Bouchiat-Michel’57, Shrock’82, Doi-Kotani-Takasugi’85, Mursula-Scheck’85,

Fetscher-Gerber-Johnson’86, Langacker-London’89,Fetscher’94, Stahl-Voss’97,Flores Tlalpa-Lopez Castro-Roig’16,Arbuzov-
Kopylova’ls,... And of course all the essential work on the required RadCors and the precise measurements.



Inferring the nature of active neutrinos: Dirac or

M aj Orrana (cs. kim, MV.M. Murthy & D. Sahoo, PRD105(2022)11,113006)

This paper apparently avoids the Kayser's confusion theorem 'Any property
differentiating Dirac/Majorana neutrinos will be suppressed by active neutrino masses, with
neutrinos coupling to the SM's SU(2),".

The idea is to use 4-body decays including a pair or vs and another pair of particles, and go to the
back-to-back configurationfor these pairs, in which the properties of the neutrinos can be inferred
without actually measuring them, thus avoiding Kaiser's Th.

Phys.Rev.D 109 (2024) 3, 033005
When looked in depth (Juanma Marquez, Diego Portillo & P. R., tgapm), thereis a
loophole in their derivation. When corrected, it yields observables which are orders or magnitude
smaller than initially thought, possibly preventing the observation of this effect.

* Y

Pablo Roig Taller IF-UNAM 15-16/03/23
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ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

Hermiticity =>
(with C, & D, real) D
a

vl T

(Cy + Dgiry)l

a=.S5,P,1T,
a=1V, A,




ve—ve scattering with massive Dirac or Majorana vs

and general interactions (with Juanma-Monica)

LD Gg Z vy

a=S.,P, VA T
ana condition VJ

Cv

CV

| T°

Cr

(Cy + Dgiry)l

— Dy

=



ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

£ L

SM =>

Lne =

Gy = ga =

With CC (same flavor), g\, , -> g', s

v e,

Sy

V2

[ T%(Cy + Dgiy°)l

V)| |V (v — g4yl

252 — ——.
W ) gA 2




ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

sw=> (CPM =279y, DM = —2g794,

M = 2g4d4, DM = —2¢44,

Dirac ¢ CM =0, DM =0,
CPM =0, DM =0,
CyM =0, DM =0,

Majorana {

(CPM =0,

CglM — 49?19547

CM =0,
CPM =0,

\C’_%M =0,

DM =0,

DSM 4gAgV7

DM =0,
DM =0,
DM = 0.



ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

Neglecting neutrino masses, incoming neutrinos are LH: / Recoil E, /Me
do G2 M T T\° _MT
— = A+2B 11— — Cl1—— D—/——
vt o (AT ( E) " ( E) MY
do G2M | T T\?> _MT
— (U +¢€) = C+2B(1 cA(1- 2 ) + D=
T o |OF ( E,,) ( E) Y

No mixing of V/A interactions with S,P or T. D is only relevant in non-relativistic scattering.

1
B = 8(01%+O§+D?D+D§—80%—8D%)




ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

A B.C.D M (1 —2s52)%,0,45%,1 — (1 —4s2)°
( ™= ( )

which lead to a cross section that has the same value for Dirac and Majorana neutrinos.

Then, other interactions\are needed in order to distinguish the Dirac and Majorana
cases 1n this process. Or observables



ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

(A, B, C, D)SM — ((1 —252)%,0,4s% .1 — (1 — 433\,)2)

which lead to a cross section that has the same value for Dirac and Majorana neutrinos.

Then, other interactions\are needed in order to distinguish the Dirac and Majorana
cases 1n this process. Or observables

For instance, as pointed out by Rosen in 1982, the ratio of the forward to backward scattering cross-sections, R >2=> Dirac
neutrinos (but both natures are posible if it is <2, complementary to the non-observation vs. observation of 0Ov2[3).

2(A+ 2B+ C) 0 < R, < 4(Dirac),

Iy
A+C 0 < R, <2(Majorana).




ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

For instance, as pointed out by Rosen in 1982, the ratio of the forward to backward scattering cross-sections, R,>2=> Dirac
neutrinos (but both natures are posible if it is <2, complementary to the non-observation vs. observation of 0v2p).

p _ 2AA+2B+C) 0 < R, < 4(Dirac),

A+C 0 < R, <2(Majorana).

As shown by Rodejohan, Xu & Yaguna, actual bounds are more restrictive /
- Dirac: Blue points
- Majorana: Red points
- Blue curves: R,=0,2,4.
- Actual ranges surrounded by red (Dirac) or black (Majorana) curves

B



ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

Another interesting result from Rodejohan, Xu & Yaguna paper:

(e channel ) ee channel
[
[
0D, .
6Cy I
5Dp 5D
5Cp 5Cp
6Dy 6D
| 0C, — E— — ‘ ———r | o - 0Cs . — — . .
-1.0 -0.5 0.0 0.5 1.0 -2 -1 0 | 2

Figure 7. Constraints on 6C, = C, — C5™ and 6D, = D, — D5 from one-parameter fitting of CHARM-II (left panel) and
TEXONO (right panel). Blue bars represent 90% C.L. allowed values for 6C, and 6D,. There are two local minima for C4 v
and D4 v in the fit of TEXONQO. The slightly more minimal global minimum is around —2 for Cy, 0 for Dy, 0 for C'4 and
+2 for Da. In the SM, Cv,4 and Dy, 4 are non-zero for Dirac neutrinos, while only C4 and D4 are non-zero for Majorana
neutrinos. The plot assumes Dirac neutrinos. (For Majorana vs the results look very similar)



ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

do GALM  FE? T T\’
— Up;|> —L£ A+2B(1—— | +C|(1——
v =SS Laan (1- L) ve(1- £)
Keeping neutrino masses, incoming neutrinos are LH:

MT (mi—mi)

+ +
Vo, = Z Ué’ijL; Vop — Z V;?ijR 4E3 ZMEV
7 ' m2, T my T m2 + m?
_B s [G Fl1—-= } p—s__w
vE: B, 107 ( E,,) TR

A< C) F < G, m, < —m, and My, <> —My,

{(A+QB)+O(1—E£U) +F”;’;f}

1
— Vi ]2 lg(()}% + C% + D% + D% — 8037 — SD%)]

v

do ,GAM  E? T T\
i Y 2B 1— — All — —
77+ =D U= =g w{“ ( E)+ ( E)

Z?.f
Mixing of V/A interactions with S,P or T. MT (m?j — m?2 ) T m,
+ - ! [(C+QB)+A l-— ) -G f]
F =Re [Uy V] 4[(03 +6C7)(Cy — Da) + (Cp — 6Cr)(Ca — Dy, 4E2 2MFE, E, E,
G =Re[UyV5)

[(Cs = 6Cr)(Cyv — Da) = (Cp + 6C7)(Ca — Dy)]. mE,T my T m?, + m?j
— B — f[FJrG 1 — — ]+D @SEQ Lh



ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

Neutrino My, U Linear term suppression | Quadratic term suppression
flavor | (MeV) Ua|*m, | E, Una*m,, /| B
E, E, E, b,
500 MeV 2500 MeV | 500 MeV 2500 MeV
[=e 150-375 | 107 | 107° 10719-107° 10-19-107° 1010
|25] 375-440 | 1072 | 1071 1010 10710 107
10 1073 107° 107° 1077 1078
[ =p 20 10~ 107° 1077 1077 107°
|26 50 107° 107° 1077 1077 107Y
100 10°° 1077 1078 1078 107°
100-200 | 1073 10~ 104 10~ 107°
=T 300-400 | 10~ 1071 107° 101 1075-107°
127] 500-800 | 10~ 107° 1076 107° 1076
900-1100 | 10~ 107° 107° 107° 107°




ve—ve scattering with massive Dirac or Majorana vs

and general interactions (with Juanma-Monica)

SM

SM+C's case.

Parameter | Dirac and Majorana Parameter Dirac and Majorana

A Ues|*(1 = 2s5,)° A Ues[P(1 — 255)% + [Vir|*5C5

B 0 B —|Vis[5C5

C [Uss|*4sy, C Uy [Pdsy, + [Vir?5C3

D | |Uy (1= (1 —4s5)?) D ||Uy* (1= (1 —4s3)?) + [Vir [P C5

F 0 F —2 Re :Ungg"}: Cs(1 —4s2)

G 0 G —1 Re Uy V] Cs(1 — 452)




ve—ve scattering with massive Dirac or Majorana vs
and general interactions (with Juanma-Monica)

SM

Parameter | Dirac and Majorana
A [Ues[*(1 = 2s5,)°
B 0
C |Upr|?4s5
D | Ug* (1= (1—4s3)%)
F 0
G 0

SM+C7 case.

Parameter Dirac Majorana

A Ues[P(1 = 253)* + [Vig|*C7 [Ues|*(1 — 253,)°

B Ver|*CF 0

C Ues[P4sy, + [Vig PCF Uy *4ss,

D Ues? (1= (L= 4s3,)%) = 4|Vis [PCF | [Ugs[* (1 = (1 — 4s5,)%)

F 6 Re [Ugﬂ/j}} Cr s2 0

G 3Re U Vi | Cr(1 — 252) 0




ve—ve scattering with massive Dirac or Majorana vs
and genergl interactions (with Juanma-Monica)

M
ajorand ~ 420/0

Dirac



ve—ve scattering with massive Dirac or Majorana vs
and genergl interactions (with Juanma-Monica)
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CONCLUSION: Aunque el neutrino sea de Majorana puede que no podamos medir nunca 0v2p...

Pequeiez de la masa de los neutrinos (107~m,/m.<m./m{*3x10°)

Si los neutrinos son de Majorana Si medimos desintegracion doble 3 sin vs
Podemos tener desintegracion doble 3 sin vs... =>Los vsson de Majorana
(el inverso no es cierto)
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Figure 6: Neutrino mass contribution to Dirac and Majorana distributions.
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Inferring the nature of active neutrinos: Dirac or

M aj Orrana (cs. kim, MV.M. Murthy & D. Sahoo, PRD105(2022)11,113006)

This paper apparently avoids the Kayser's confusion theorem 'Any property
differentiating Dirac/Majorana neutrinos will be suppressed by active neutrino masses, with
neutrinos coupling to the SM's SU(2),".

The idea is to use 4-body decays including a pair or vs and another pair of particles, and go to the
back-to-back configurationfor these pairs, in which the properties of the neutrinos can be inferred
without actually measuring them, thus avoiding Kaiser's Th.

Phys.Rev.D 109 (2024) 3, 033005
When looked in depth (Juanma Marquez, Diego Portillo & P. R., t@ppem), thereis a
loophole in their derivation. When corrected, it yields observables which are orders or magnitude

smaller than initially thought, possibly preventing the observation of this effect. /% <

* Y
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