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Experimental constraints

@ (g —2) anomaly of a charged lepton e, = e, u, 7: a@e, = %.
Deviations = experiment [PRL 131 (2023) 16, 161802] - the SM [Phys. Rept.
887, 1-166 (2020)]. For muon:

Aah® = aS — a3 = (2.49 + 0.48) x 10~?(2023) [our work used],
Aap” = (1.13 £ 0.35) x 10~?[PDG 2024],
Aay” = (2.08+0.41) x 107°[PDG 2024]

@ For electron: [Aad’| oc O(107'%) [Science 360 (2018), 191; Phys. Rev. Lett.
130 (2023) no.7, 071801; Nature 588 (2020) no.7836, 61]

@ LFV decays: cLFV: e, — €4y, LEVh: h — epeq, LFVZ: Z — epe,.
Recent experimental contraints for LFV rates (Br):
Br(t — uy) <42 x107%, Br(t = e7) < 3.3x10°%, Br(u — ey) < 3.1x 107"
Br(h — 7p) < 1.5 x 1072, Br(h — 7€) < 2 x 1072, Br(h — pe) < 4.4 x 1077,
Br(Z — i) < 6.5x 107°%, Br(Z — 7¢) < 5.0 x 107° Br(Z—>,ue)<262><10 7.

AAAAAAA .
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Our idea

@ Neutrino oscillation — a real LFV source in the neutral lepton sector —
a reason to hope that LFV decays relating to charged leptons (e, u, 7)
will appear.

@ Our study: models beyond the SM (BSMs) with LFV sources from only
(inverse seesaw and active) neutrino couplings are chosen to successfully
explain the experimental data of (¢ — 2).,, anomalies and neutrino
oscillation.

@ Question: (g — 2).,, anomalies and LFV decay rates both come from
loop contributions relating to the similar neutrino couplings to lepton
and scalar/gauge bosons — large Aa,, o 1079 and |Aa.| o« O(10713)
result in large LFV decay rates: Will they be ruled out by experimental
constraints or not ?7— Numerical investigations in the two 3-3-1 and
left-right models will address this question.

@ Our second discussion: Constructing general analytic formulas for
one-loop contributions to the LE'VZ decay rates.
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General Lagrangian for LF'V sources and (g — 2)., anomalies [1807.11484]:

3
Lres =YY FlgipsPL+ 9iwsPr)eaS +hoc., (1)
F,S a=1
3 J—
Lrev = Z Z Fy"(92pv Pr + 9urv Pr)€aV, + hocs, (2)
F\V a=1

QB :QF—IWIthB:S,V
@ F=e¢,— (9 —2), anomaly
@ F # e, — LFV couplings.

Feynmanrules for photon couplings:

Vertex Coupling Vertex Couplings
AP (po)V” (p )V (p—) | —ieQvT,r(po, Pt p-) | AFS(p4)S*(p-) | icQs(py —p—)u
AMFF ieQFYu

Lox(Pos P45P=) = Guv(Po — P+)x + gur(0+ — P=)u + 9ru(P= — Po)w-
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One-loop contributions in the unitary gauge

ep F e ep S e ep ep F e, ey F e e
(1) (2) (3) (4)
T Fiﬁﬂ%ﬁs Sy S
ep F €q ey v+ €q
®) (6) ™ ®)
2
¢ —1—2xlnx z—1—Inz
=925 - e - -
fo(@) = 29a(2) de—17 0 IPT o2
fala) 2% + 322 — 6z 4+1— 62 Inz o (@) x3 — 1222 + 152 —4 4+ 62 Inz
x€T) = = s
® 24(z — 1) rV A(z — 1)
22 —5z+4+3zlnz —da* 4+ 4922 — 7822 + 432z — 10 — 182° In x
gv(z) = > . fv(z) = 1
2(x — 1) 24(x — 1)

- ()_—3(x3—6x2+7:c—2+2:c21nx)
= (@—1)° '
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cLFV decays e, — e,y and (g — 2),, anomalies
One-loop form factors:

Cfib)R W {gaFngFXmF [fX (tx) + Qrgx (tx) ]
+ [mbgapxngX + magaFngFX:| [fX (tx) + Qrgx (tX)] } ,

where X = S,V,, tx =m3./m5% (m% >m?):

© ac,: G, = —10e > rx Re [cffm)ﬁ,}
@ electric dipole moment (EDM): d =23 pxIm [c(aa)].

2 .
@ Br(ep, = e,y) = % (|c<ab)3\2 + \C(ba)R|2) Br(ep = e,V51), with

C(ab)R = 2X F Céb)R’ Cba)R = DX F sz(m)m Br(p — every) ~ 1,
Br(r — evev,) ~ 0.1782, and Br(r — pv,v,) ~ 0.1739.

a
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LFEVh and LFVZ decays

IM(Z — €b+€;) 166 5 Ua [é‘ (@, Pr, + arPr) + (p1.€) (BZPL + Br'PR)] Vb,
+ -\ \/X ( e ) )\M() M Mo
NZ = evea) = g5y *\iom2) \Gzmz "M T30z )

Mo = (m% —md —mg) (|bu]* + [b,]?) — 4mamsRe [bib}]
— 4mpRe [arb; + a;br] — 4mqRe [a; b + arb,]
My = dmsmpRe [ala:] R
My = [Qm} —mz (mi +mj) — (m2 — mi)Q] (lad)® + |ar|?)
A =m +my +mg — 2(mzmg +mzmp +mgmg);
[eprint: 1607.05257, 2107.14207, 2312.11427]
LEVh — <A(L‘Lb)EPL6h + Agl)EPReb) + H.c., [eprint: 0407302]

T(h — eaes) =T(h — egef) + T(h — el ey ) ~ 7:(|A<;b>\2+|A§§b>\2). (3)

8
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LFVZ : Feynman rules and one-loop diagrams in the unitary gauge

Vertex

Coupling

Z" (po)V” (p) V"™ (p-)

—tegzvv L (Do, D+, p—)

Z"S"™ (p-)S(p+),

iegzsi=s(P+ — P—)u

SVHrZY, S*VrZY

. . *
1€gSzv Guv, 1€9szv Guv

Z'FF, ZFF'F

teyy (géFF’PL + gZFF/RPR)a ieYu (gé;‘F’PL + 9zFp/Rx PR)

(10)

vanLane .
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Dirac vs Majorana fermions

[H. K. Dreiner, H. E. Haber and S. P. Martin, Phys. Rept. 494 (2010)]
@ Dirac fermion F' # (F):

Lzpr =€) [Fm (géprPL + 9B PR) Fz"+ h.c.] ,

F,F'

Lipp=— Z [F (gﬁFF'PL + g}?FF’PR) F'h+ h‘c.] . (4)

F.F’
@ Majorana fermion F' = (F)° and F' = (F')":

(& - *
LYy D) Z Fy (géFF’PL - géFF’PR) F'z",

F,F’
1 _
M L Lx
Lhrs=—35 > F (ghFF’PL + ghFF’PR) F'h, (5)
F.F’
R Lx R Lx L
where gy’ rpr = gypp and gz ppr = —GZ7Fp = —9Zp p-

10
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Steps of One-loop calculations

@ Deriving a;, and a;, directly for every one-loop diagrams, using the
unitary gauge for gauge boson:

w)pv —1 L KPRV “
Ag/)u = (9” T2 )aA(G\)/:O'

2 _ 2
k my, v

@ Using the Form package [J. A. M. Vermaseren, arXiv:math-ph/0010025
[math-ph]] to crosscheck the results of contractions of the products of
Dirac matrices.

@ One-loop formulas are expressed in terms of the Passarino-Veltman
functions [Nucl.Phys.B 160 (1979) 151], using the LoopTools conventions
[Comput. Phys. Commun. 118 (1999), 153] (easy for numerical
evaluations using LoopTools packgage):

4—d d
AO(m2) = (271-#) /k2 ok

im? m2 + 1§’
(2 dk x {1,k
B{O u}(prDaM2 Zl:l'2 / { M} =12,

(2mp)* / d{1, kp, kyuky
DoD1D-> ’
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Steps of One-loop calculations

@ Simple conventions:
o)t dk

(12) _ 2. 272 22 _ (
BO —BO(q 7M17M2) - i7r2 D1D27

2rp)*=* [ d% x k,
imr2 D1D>
where B{'? = By (¢* M2, M3).

@ Notations appearing in many important formulas:

Xo=Co+Ci+C2, Xi =Ci11+Ci2+C1 X2 =Cha2+ Cox + Ca,
X3 =C1+C2 = Xo — Co, Xo12 = Xo+ X1+ Xo, Xij =X + Xj.

12 12
Bf}m = :Bi )qu+Bé )Plu»

The divergent parts of the PV-functions:
div[Cy] = div[C;] = div[Ci;] = 0; i,5 = 1,2,

div[Coo] = %, div[BSV] = div[B{?] = div[B{"?] = Cuv,

. . . C
d1v[B§l)] = dlv[Bf)} = d1v[B§12)] = —%.
= easily to derive the divergent parts in one-loop formulas Grassare

12
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o LFVZ decays: One- loop form factors.

Diagram (1) with gX¥ = gFVV’ gi(Fy‘KVQE/FV/ with X,Y = L, R:

’
afVV =9dzyv/ {gLL [(2(2 —d) + m%f) Coo + Q(mzz — mi - mg)Xg.
_ (f(m%/ + m?//) +4) (B‘()l?) +m%~00)

1
+— (Ao(mv) +mZBM +m2B® — (m2 —m3, + mzz)mzcl)
v

+ 5 (Aolmy) +mEBEY + miB{H — (—mi 4 mYy, +mEHmics)

VI
RR 2 2
+g9 " T mgmy f(Coo+mV/CQ +mVCl) —2X3

=g mamp | £Coo + (2 — fmi)Co + f(m3, —mi)C1 + .
m

1 1
B + B
1%

B® 4 p®
—g"mymp | fCoo + 2*fmv)00*f(mv*mvl)02+72 )
mv,
(6)
’ !
aEVV/ _GFVV [gLL _, gRR ,RL _ LR LR *}gRL]Y @

G vanane —

13
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o LFVZ decays: One-loop form factors:
EEVV/ =gzvv/ {QLLma, {4(X3 — X1) + f(m%Xo1 + miXa) — 2(m3, f + 2)02]
+9" iy, [4(Xs — X2) + F(mFXoz + mi X1) — 2(m}, f +2)C1 |

7gRLmF [f ( m%XO + min + min — 2m%,Cl — 2m€,02) +4X3]

LR
-9 mambmesz} ) (8)
sFVV! _sFVvV/ [ LL RR _RR LL _RL LR LR RL
br =by, [9 -9 g —9 7,9 -9, g -9 ],
2 2 2
f_(mzfmvfmv,)
- m2 77'L2
A Vel

@ Results: in agreement with [JHEP 03 (2022), 106], restricted to the two
Higgs doublet model with seesaw neutrinos and only ¢”% # 0. One-loop
formulas are derived in the 't Hooft-Feynman gauge.

@ Results: consistent with [Eur.Phys.J.C 83 (2023) 6, 494], calculated in
both unitary and 't Hooft-Feynman gauges, but for a simple SM
extension with seesaw neutrinos. Only g% # 0.

@ For more one-loop formulas, see our paper, arix:2409.01390, ERJC.

14
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LFVh : Feynman rules and one-loop diagrams in the unitary gauge

Vertex Coupling
hVEY TR 9hy G
nSS’* —iN g
VIST(p_)h(po), V7 S(p4)h(po) i9vsh(Po — P )p, 19y 55 (P+ — PO)p
WEF', hF'F —i(9Eppr P+ 9 PR)s =i (955 PR+ ghFF,R*PL)

€a €a €a €a €q

vanLane
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LEVh decays: one-loop form factors.

LL
’ g ’9 maq 1
AV o I8 e a0y - — [B{Y) — (m} — m2)(Co + C1) — (BEY +miCo)
1672 m3,
1 12 12 2 2
R [B + BJ'Y — (m} — md)ci
V/
1 2 1 2 1 2 p(2)
— [Ao(my )+ m% (BEY + BF + B{Y) + mp B
vty
+(mi + m%// - 4% (miﬂ(co +C1) +mpCa — 351%:
RL
g m
_ Invv! > £ {4m%,m%// Co + Ag(my) + Ag(myr) + (m% — Qm%/)Bél)
327‘r2mvm ,

+ (m% - 2m%//)B(22) + miB§1) + 'miBf)
+(m% +m?, —¢*) (B +m2cr + mics + m%Co)}

LR
Ipvy!9d Tmampmp

2 2

v - {381)4’3(()2) +B§1)+B§2) +(m%/+m%// _qz)XO]
™ ’VTLV v/

RR
dhvv’9d ™Mb L (12) 2 2
— TonZ {202 + %/ [Bl + (m% ma)CQ}

1
+—g [BUP + B + (mh — m)(Co + C2) + BEY WNV/CO}
mV,
1
16 e {Ao(mv) +m% (B(()l) + B(()2) + B§2)) +miB:(l1)

Vo 2 oy
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The left-right model with ISS neutrinos (LRIS)

The gauge group SU(3), x SU(2)p x SU(2)r x U(1)p—1, X Za:

[arxiv: 2207.05828, PRD; 2101.08255,PRD]

QL = (3) ~ (372a17;7 )a ( ) 172317 -1 +)a

L

=) ~(31.25.4).2 :(”) (11,2, -1.4),
R

SlN(lalal,O, ) SZN(1717130a+3

+
¢: (:f;l) ((Z;é)) ~ (1a2a2707+)7 XR = (i(l)%) ~ (1’1’2’1’+)'

R

a

17
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Yukawa Lagrangian for leptons

3
~Ly = Y [VETR 6 Loy + G5 TR0 Ly + yi T Xr(S2:)° + He
ij=1

~ va

b= 026702, and K = oo, (¢) = ding (25, %), () = 22
_’CZuzss :ﬁmDVL + @MI,’Z;(SQ)C + %572(52)0 + h.c.
1 (—— _
=5 (W), 77 %) MY (v, (o), ($2)" e, (1)

vy = (V17V27V3),£7 VR = (V17V27V3)£a 52 = (52175227523)T'

a

18
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Lepton masses and mixing

M = (yes + G sp)v/ V2,

O3x3 sz) Osx3 v
MY = mp O3x3 M}; , mp = ﬁ
Osxz Mg s

UM UY = MY = diag(mny, Mny, - Ming) = diag (1, Mx),

ny =U"nr, ng =U""ngr =U""(n1)°, (13)
(s-mm)or %
U’ ~ om — v . (14
T
~RyU§

Sk
—
&
|
O?U
&
~
S
—
&
ODJ
g
~—
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Lepton masses and mixing parameters

Casas-Ibarra parameterisation for mp [hep-ph/0103065, NPB]:

1 1 1
mp = xg Mpjis 2£82 U7,
1 1 _1
Ro=22Usazetns 2,
MR = MR = diag(M1,M2,M3), MN = diag(MR,MR),

max[mnl y Mny, mns]

|(ps)22]

N s _ My
fLs

To = <<17

T, = .
(1s)22]” ™~ max(mn, , My, ming]

O g LTl yqe . ¢
URTM U, =M" = diag(me, my, m~), er,.r = UL reL R,

Upnins =ULTUY .

20
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Gauge boson

£l =T [(D49)'(D"6)] + (D) (D). (19)

WL:,tRu (WL Ru T iW7 zm)/\/5

( Li”) “ ) ( i)
£ s 14
Wi, o Co W

2,2 2,2 2
2 gv 2 g v cp (S25 + tg
myy = X (1 —tosag), myyr = —2L2 x o (s20 ), (20)
4 4 C20528
Wi, CCop — SWSCSe  —CpSc — CcSWSe  CW Sy Z,
!
B, | = | —cCeSwSc—CcSp  S¢Sp — C(CoSW  CWCy Zy |,
Wgu cw S¢ cwee sw Ay
2 2
2 Mmw 2 My
my ~—5—, My ~ . (21)
c c2
w @
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Higgs sector

Vi =u3Tr(6T6) + w3 [Tr(678) + Te(98D)] + 21 [Te(679)]” + 2 [(Trws*d?))z + (Tr(a»déf))z]

+ AsTe(p! $)Te(0dh) + AaTe(619) [Tr(61d) + Te(981)] + 1 (xhxr) + 25 (xhxr)”

+a1Tr(6'9) (XEXR) + D¢2(X}{¢T¢XR) + as(xk@&XR) + oy [(X}rgwd;XR) + H-C-} .

o] (b sgs

) o1 s T o < Boe
& =C G , C = cgs
( % ) ht ( % ) ht 1255

ay el 0
() e (&) -
apR A 1

sp
cimycl = M3, C1 = ( s
0

T T T T
(r1,75,7R)" = Cq (h, h1, hg)

22

(22)

cg cesp ) R R
—sg  cpgce , M+ = asz (6251) +'UR/(2C25)) .

0 —Sg

—sg cB 2 _
crsp | m3 = 20%(as — 2ag) 4 B3 T 02)
0 0 2c2p
cg 0
—sp 0 s

1

(23)
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LFV Couplings

ctH — [—Qinﬁ- [/\ijPL + AL-PRJ n; — (1 + ﬁ) egMler + h.o]
v v
_ Z ”Tl{ [Ua”;K (yLTslg - gLTCﬁ)ab ce + U(Va*JrG)iyZJIZSE} Pr
i=1
+ U<Va+3)i (chB — gleg)ab C§PL} ebH+ +hec . +..., (24)
g eA#awue,l

i=

9
g2
+ 7W+“ o (cBug;PL + seU("a+3)iPR) eq + h.c.
2 1
9
g2
+ [EW“W > " (=seUL; P+ coUfuysyiPR) €a + hec.
=1

2 .2 2
S¢S S c,C — 8

+ezles [(WEM - W ) Pr+ <c<t§M 1 sl — tw) 5 W)> PR] ca
ZCch 2SWC<PCW

2
€ —[,L L
+o2" 3 [95i;PL — 9%3:PR| nj + - (25)
ig=1

G ramane
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LFV Couplings

P P R« L 9Ohee
Xij =Xji= (m”iUci Ucj +mn; Ueg; Uci) = 9nij = 9hij = A

=1 2my
3 s¢ (c2c2 + 52
L v ¢ s¢sw v v ¢ ( P W T Sw
9zii = U,U ;| m—m— - ——— | +U U, i ——— 26
Zij sz:l |: ci Ycj (2CW5W 2c¢c%}v> (c+3)i~ (ec+3)j 2C<PC%/V‘SW ’ (26)

L V2ee

Yaimt+ =

3 ~
3 (v (30 - moi) .

veag i

R _V2ee [

vk (o lf vk o 2
9eig+ = veap = Uc-; (M s23 mD)ca + U(c+6)i(MR)cat§] B
L _92 v+ R _ 92 _ v
Yaiw = 209 ai Yaiw = 7559 (a+3)i>
L 92 vk R g2 v
Jaiw! = ﬁSGUm‘w Jaiw! = ﬁEGU(a-%—s)i’ (27)

G ramane
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Feynman rules

Vertex Coupling: Vertex Coupling
Jhw+w-— ng(l - 8213520)5;16? Jhw'+w'— ng(Swsze + 1)5hee
Jhw+w'— gmw s2p (50 — Cg i:ee
IwrH—h 5Ces0 (C% - 35) gwrHH-h Scoce <cf3 — s%)

Vertex Coupling
_CC(sg—Q—Zs%V—l) + sc((s§+2)s€‘,—l)
9zH+H- 2swew 2sw cw \/1725%‘/
2
CagCe MW Sg o S¢S
JH-W+Z swew <CC /7128€V>
S(S%/V

C23CHCe MW

JH-W'+Z aMMM/(CC"V@_ng
JzWw+w-— T 2 (CCtW +scy/1— t%V/SW)
cesatyt — (cctw + s¢cy/1—t2 /sw>

1—12,

gzwr+wi—

9Zw+w-,9zZw+w'- —CySp (
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One-loop form factors for LEVAh decay rates

A9’4§2+7+8 Z[ 7,LWRW LA zw w'’ A’LLWRW +AEWRW+ALR+A2V,VR]

=1
9 . s
+ 0 [ATE ALy,
7,j=1
9 H H+ A+ 9 +;
A S A 4 A+ 3 At
i=1 ij=1
9
ASL:’),-'I;D _ Z (A iHtW + AzWH+ + Al H*W i AzW H*) . (28)
i=1
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One-loop form factors for LEVZ decay rates

_ _(14247+8) | —(54649+10) | —(3+4
ar,r = U’(L,R + a’(L,R )+ a‘(L,R ),

Z_JL,R _ B(Ll;z-‘-ms) + B(Ls;ﬁ-s-%lo) n p3+Y

L,R >
9
_(14247+8) _ _iWW | aWW | iWW | iW W W —iW’
ap p *E ap,r +tarpr +aLr +aLr +arrtarr
i=1
9 !
_Wij | -W'ij
+ E [GL,R +tap g ] ;
i,7=1
9
7(14+24+7+8 TWW | iW'W | iWw | TiW W | W TFW’
b(L,R = E [bL,R +brr +bLr +brr +brr+bLR
=1
9 !’
TWij | TW'ij
+ 3 [ e, (29)
i,j=1
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One-loop form factors for LEVZ decay rates

9 9
_(5+6+9+10) __ _iHTH™ | _iHT _Htij
ar r = E : arL,Rr +tarr |+ ar r™>
i=1 i,j=1
i +Ht + i +
7(54+64+9+10) _ TiHTH TiH THtij
br r =D |0ERT bR |+ D by R,

i=1 i,j=1

_(34+4) _ _iHtW | _«WHY | _iHtW' | _iw’Ht
a = ar,r  +apr +aLr t+aLr )

9
- —HtwW =3 + —HTwW’ —iw'Ht
b(L3,J1:34) = E (bLI-,IR + bLV,‘;zH + bLI-,IR s bLVE%H ) )
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Setup parameters

The unknown parameters of the LRIS model will be scanned in the following ranges
vr € [10, 100] [TeV]; my+ € [0.3, 5] [TeV]; M12,3 € [0.1, 10] [TeV];
M, € [107°,0.035] [eV]; tg € [0.02,0.8]; 0 € [107°, 5 x 107"]; (f1s)1; 45 € [0-2,50],
(32)
Aap® =af® —afM = (2.49 £ 0.48) x 107

29
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Aa, vs LFV decays rates

Br(u—»ey) = Br(toey) + Br(topuy) Br(h-pe) = Br(h»te) + Br(h>tp)
108 T:ﬁ» G ﬁﬁmﬂgjﬁg‘}: T i GRS
r¥- 0 R ; AR
+ ' ' ' ' +
PR S 4 2 2= - e mmmmee 3-==s-
0ol X o :
- okt oo e op- -
ol * B g .o X
1014, " ‘!.x_’*;tl‘f‘_},,,xx__;'_,;‘f__'_x,:._:; ______ bl
Le e < T
R e L e T N S, FI O . Ioooo
17 L H H H
o 20 22 24 26 28 3.0
Aa,x10° Aayx10°

Br(Z-pe) =~ Br(Z-rte) + Br(Z-t)

Two black lines show the upper bounds of LFV decay rates for cLFV (7 — vy,
v

VANLANG

u — ey), LEVh (h — 7, pe), and LEFVZ (Z — 1, pe), respectively
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Numerical results

+
Br(Z - 7te7)<1.1x107',
Z—71tpT)<38x107". (33)
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The 3-3-1 model with ISS neutrinos (3311SS)

Based on the gauge group: SU(3)¢ ® SU(3)r @ U(1)x [ 2404.05524, PRD].

1B
"= (e —v E' TN (3* ,_+>7 a=1,2,3,
alL (a a a)L 2 2\/3
1
BIRN(ly_l)a VIR7XIRN(17O)’ E/RN<1’_2+\/2§IB>’
1 B
x=xa xz x°) < V3 (= " 07" 2 23
o -~ T 1 B) +
= ~(3,—c——= ], " ~(1,11). 34
n=(" n 0% ( 223 (LL1) &

V2

vev: (X°) =&, (0°) =&, (n°) =%

— LYuK :%YEnTL'L + EitiEXTL/L +7RYVp' L),

lepton

1—— -
+ VRMR(XR)C + iXRMX (XR)C + (XR)("Y}L(}IRh,J'_ —|—_h.C., (35)
G aane
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Feynman rules

Vertex Coupling
Tiea Hy fm (AL * Py "r)\RkPR)
anin— fmw ()\R k*P + )\L k* )
— — ET
_ _ —igVETUDE (m
CaEH 4 ‘”Jgimyﬂ (ﬁPL + mECt13PR)
e WHH %(USWZ)mWPL
EaniWH L (U5TUL )i Pr
— X Efrre
Boe,Y tAn %’WLPL
B 9V UG, py
alvc ] i
AW R Y —iel' s (Po, P+, P-)
AAY-‘_AHY_AV _ieAl_‘)\uu(p07p+7p—)
AVHTH, ie(p+ — p—)u
APHTAH ieA(p+ —p-)u
Ateqeq, AYELE, —ievyy, ieBy,
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Numerical results for 4 ISS neutrinos

Br(usey) + Br(toey) - Br(touy) ° Br(Zop*e”) + Br(Zotte) -

Br(Zottym)

|
8 PPN
Ry L R
1071418 “ !
H
H

° Br(hope) + Br(hote) - Br(h>1w)




=
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Numerical results for 6 ISS neutrinos

Br(Z-»ty)

Br(Z-»u*e™) + Br(Z-»t'e”)

Br(u-ey) + Br(t»ey) - Br(opy)

Aayx10°

Aayx10°

Br(h-1u)

Br(h-»pe) + Br(h-te)
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Conclusions

@ We completely introduce two classes of general master formulas
expressing one-loop contributions to the LEVh and LFVZ decay
amplitudes in the BSMs. The calculations were performed in the unitary
gauge, independent of the couplings of nonphysical states such as
Goldstone bosons.

© The 3-3-1 and LRIS models with LFV sources coming only from the
couplings of active and ISS neutrinos predict strong correlations between
(9 — 2)¢, anomalies and LFV decay rates. However, there still exist
allowed regions of the parameter space satisfying all of these
experimental constraints.

Thank you for listening! ]
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