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Lepton Flavor Violation (LFV)

o In the original SM with
massless neutrinos =
conservation of LF and LN.
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Lepton Flavor Violation (LFV)

W ’y
e In the original SM with
massless neutrinos =
T P S VA P conservation of LF and LN.
, @ Neutrino oscillations =
3 m2, . Neutrino masses are non-zero
BT(H’ - e’Y) = 7& Z Uﬂk :k '1/21@ ~ 107()4
32m | oy M3, = LFV.

T. P. Cheng and L. F. Li, /77

Strongly suppressed by a GIM-like

o SM minimally extended with
v's masses = Unobservable
cLFV (GIM-like suppression).
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mechanism and their proportionality on m;.
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e In the original SM with
massless neutrinos =
T P S VA P conservation of LF and LN.
, @ Neutrino oscillations =
3 2 . Neutrino masses are non-zero
BT(/"L — e'y) = 7& Z Uuk :k 7”"1/2k ~ 10704
32m | S M3, = LFV.

o SM minimally extended with
v's masses = Unobservable

Strongly suppressed by a GIM-like cLFV (GIM‘hke SUPPTGSSiOH)-

. . . . 2
mechanism and their proportionality on m;.

T. P. Cheng and L. F. Li, '77

=SM Predictions:

BT‘(Z — M/) ~ 10_54 J. L. Illana & T. Riemann, '01
B'I‘(H — f@’) ~ 10755 E. Arganda, A. M. Curiel, M. J. Herrero & D. Temes, '05
BT(;}, — 36) ~ 10754, B?"(T — 3@) ~ ].0755 Hernéndez-Tomé, Lépez-Castro & Roig /19
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Limits of cLFV channels for 7
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= From ARGUS we have Br(t — af) < 1073, these limits contrast a lot with most of the

upper bounds on LFV decays.
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Effective Lagrangian

Line = g3:0il;S +igf livst; P+g@j€w“€ iVt gl vl A+ g5 lio" € By, + hc.
i
xX=S,P V/u 4/,,B;L,, i,j = e T JPC — 1+t-
and gij effective couplings. We will consider m, <M, but this is not necessary.
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Effective Lagrangian

Lint = g5 lil;S +ighlinsly P+ g5l UiV gl vsli A+ g1l £ B+ hec.
J J J J

_ i#]
X S,P,V#,A4/,,Buu i,jze,;L,T JPC — 1+,
and gi)](- effective couplings. We will consider m, <M, but this is not necessary.

= This Lagrangian is not invariant under SU(2); @ U(1)y (but it does
not have to be!). We can consider the Lagrangian

S P
L = (ngRJ Ly, LR, + & ]LR oty ) S—i—i( Sar Dv5lp, 4 IRy Lp, 75‘I>T€L )

+ (QILYL]. Lpy*ly, +9;¥Rj ERJY”ERJ) V#+(9L’?Lj LrA*ysle; + 9iig, ER,’Y”’stRJ) A

+ (gL‘“JL Do g, + N T )B,w
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Effective Lagrangian

= left — handed
k= right ~ handed

L int = (g,‘nj LL (I)ER + f JLR of lr. >S+l< - JLL ‘I)'YSZR + ERi’yg,‘I)TfLJ P
2= (o 4n)

V2 \v+H
+ (gL‘,’LJLLﬁ“fLJ + gR‘fRJ LR,'y“fR]) V,ﬁ(g{,‘L] Ly yste, + gR*}RJLRﬁ“'ysfa_,) Ay

= (VL
2= gy,

t~

+ (JL 9 ) oy, + Y5 L oty )
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Effective Lagrangian

= left — handed
Rfm,m handed

Lli"t = (g"nj LL <I)ER + by LR of lr. ) S-‘rl( il LL ‘I)’YQKR + IZRi75<I>TZLJ P
0
+ (QL‘,/LJLLI’Y“@L, + 97 R, LR,’Y“ZR_,) V,ﬁ(y{}LJ LA ysle; + gR/}R,LR,V“’stR_,) Ay
ST o EL‘ _ <VL.)
+ (JL‘TRJLLL@cr"”ZRJ. 4k LRLJ'“’@TZLJ) B, b
= After Spontaneous Electroweak Symmetry Breaking

/. _ 'S — 'S — 1}+H . 'p — 'p — +H
L int = (gLiijLiij +gRiLjeRi€Lj) Sﬁ +1 (gLiijL,-'%eRj +9RiLiji'Y5€Lj> fA

’ — ’ -
gL L lr,y o +gR R; IR,y KR, ) + (gLI?LjZLi’Y“’YE’ZL]‘ +gR‘3Rj€Ri’Y”’75€Rj>AH

v+ H
V2A

+

(gL L7 )Vu + (gLiLj 17Li’Y“’75VLj) Ay

gLRZL leiaid fR +gRL€RU EL)B‘“,
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Effective Lagrangian

Llins = (g/is;Rsziij + g;éLjZRiij) S%X +i (QILIZRJ.ELZ-'YSERj + g;{ijZRﬂséLj) P‘\’;g\’
+ (glL‘fLJZLﬂ“ij + g;{Rif_Rﬂ“ij) Vu+(g/LfL]ZLﬂ“’stLj +g;€RJZRi’Y”’stRj) A,
+ (g'L‘ijDm“VLJ) V. + (g'L’}Lj 17Lﬂ“75VLj) A,
+ (97, P, tr, + 9 T, 0, ) B S

= If P is a conserved symmetry

‘s.pry o N(S.pT) o (S,1T)

° gLiRj — IR;L; = Jij , and
/(Vv\) — ,(V7‘) — ,(Vv"/‘)

° gLiLj - gRiRj = gZ] ?
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Effective Lagrangian

Llins = (g/is;Rsziij + g;éLjZRiij) S%X +i (QILIZRJ.ELZ-'YSERj + g;{ijZRﬂséLj) P‘\’;g\’
+ (glL‘fLJZLﬂ“ij + g;{Rif_Rﬂ“ij) Vu+(g/LfL]ZLﬂ“’stLj +g;€RJZRi’Y”’stRj) A,
+ (g'L‘ijDm“VLJ) V. + (g'L’}Lj 17Lﬂ“75VLj) A,
+ (97, P, tr, + 9 T, 0, ) B S

= If P is a conserved symmetry

‘s.pry o N(S.pT) o (S,1T)

® 9r.r;,  ~Y9IrrL;, =Y ; and
/(Vv\) _ ,(V7‘) — ,(Vv"/‘)

° gLiLj - gRiRj = gZ] ?

=

Lint= gZSJZ,e]S + ig{;lz"}%fjp + gz‘gl}y“zjvu + g;}e_i'y“%éjAu + g,?;e_ia““ZjBW + h.c. ,iS
included in £+
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Effective Lagrangian

Llins = (g/is;Rsziij + g;éLjZRiij) S%X +i (QILIZRJ.ELZ-'YSERj + g;{ijZRﬂséLj) P‘\’;g\’
+ (glL‘fLJZLﬂ“ij + g;{Rif_Rﬂ“ij) Vu+(g/LfL]ZLﬂ“’stLj +g;€RJZRi’Y”’stRj) A,
+ (g'L‘ijDm“VLJ) V. + (g'L’}Lj 17Lﬂ“75VLj) A,
+ (97, P, tr, + 9 T, 0, ) B S

= If P is a conserved symmetry

(s, 1y _ (S, p Ty . '(S,P.T)

® 9r.r;,  ~Y9IrrL;, =Y ; and
/(Vv\) — ,(V7‘) — ,(Vv"/‘)

° gLiLj - gRiRj = gZ] ’

=

Lint= gZSJZ,e]S + ig{;lz"}%fjp + gz‘gl}y“zjvu + g;}e_i'y“%éjAu + g,?;e_ia““ZjBW + h.c. ,iS
included in £+

where

VA (VA
° gZ(j ) = gl-;- ), and g

"(8,p,T
(5,0,1) _ 955" v

ij V2A
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Effective Lagrangian

Llins = (QLS;RjZLiij +91€LjZRiij) S%’X+i (QLIjRjELiW’szj +gR}jL][Rﬂstj) P%IX

+ (QL‘I/L,zLi’Y”ELj + gR‘jRizRi,yugRj) VM"’(QL/}L]ZL/Y“’%ZLJ' + gR‘?RJZRi’Y”’YEJRj) A,

, , New Interactions
+ (g v ,DLZV“VL,) V. + (g A Dpyvsvr, ) A =
L;L; i) Vi LiL; 5VL; | Ap VLVLX, X = Vi, A,

= = lil:ixH, x =S, P, B,,
+ (gLTiRngiUuugRj +g1{7:L]ZRiUMV€Lj) Bw%i\[/' il X141, X p

= If P is a conserved symmetry
"(s,pry _ (ST (ST

® 9r.R, 9r,L; = Yij ; and
VLAY (VLAY N(V,A)
o gLiLj - gRiRj = i ?

=

Lini= g5 lil;S +igl livsti P+ g}ty Viu + g liv*ys i A + 9560 €5 By + hic. 18
included in £+

where

VA (VA
° gZ(j ) = gl-;- ), and g

"(s,P,T
(571)7T) — gl§ )U

ij RN
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Phenomenology: 7 — fx

= We restrict here to the decaying particle rest frame (work in progress for B-Factory
environment).
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Phenomenology: 7 — {x

= We restrict here to the decaying particle rest frame (work in progress for B-Factory
environment).

= From ARGUS Collaboration Br(r — pa) < 5 x 1073 and Br(r — ea) < 2.7 x 1072 with
CL = 95%.

= |gX| constraints for Br ~ 1072 (ARGUS) as a funtion of m,,, with
X=SPV,AT.

=
Lax1o-6f T T EX 1.0 x 1076
A
1.0x 1076 o 8.0 x 1077
J— -7 v J—
><E&0 x 10 o 2601077
Seox1077  Het E)
o - -7
P —_— 4.0 x 10
-7
b0 10 2.0 x 10
0 0
) 5 0 o

E 1.0
05 mX(GcV)l‘O 05 my(GeV)

= For Br<10~? (Belle-II reach) UL on coupling is three orders of magnitude
smaller.

4th ComHEP 15 /31



Phenomenology: u — ey

= \gffe\ constraints for Br ~ 1077 as a funtion of m,, with
X =5 P,V,AT.

2.0 x 10710 m
15x 10-10f M gic
o] oy
S10x10-10f B

T
W e

5.0 x 1071

0 002 004 _0.06 008 010
my (GeV)

= For Br<10~!3 (MEG reach) UL on coupling is four orders of magnitude
smaller.
= L — ¢v are induced at one-level, but the bounds obtained are superseded by the limits

imposed by the current non-observation of the L — 3¢, as will be discussed in the following.
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Phenomenology: 7= — £; ;¢ and 7= — (7 {; (]

We have Upper Limits on the
branching fractions with 90% CL
from BaBar & Belle, '10.

- “pTet)<1.8 x 1078,

<1.7x 1078,
<15x1078, &
<2.7x 1078,

+

—_ — . —

Using Narrow-width
approximation
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Phenomenology: 7= — £; ;¢ and 7~ — 8;@_6;

B Scalar
B Scalar B Pseudoscalar
B Pseudoscalar B Vector
u Vector B Azial
B Azial B Tensor

B Tensor

9211951

0.5 1.0
my(GeV)

(a) 77 = e pet (b) 7= = p—u"et

107V M a5l
B Psecudoscalar
u Vector
W Azvial
| Tensor

W Scalar
B Pscudoscalar
u Vector
—19[ ® Awial

B Tensor

9. /1g%|
92 1g%.|

1.2

mX(GeV)

(d) 7~ = peput
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Phenomenology: 7= — £; ;¢ and 7= — (7 {; (]

-17 —18, ® Scalar
10 W Scalar 10 ® Pseudoscalar

18 B Pscudoscalar W Vector

107 % m Vector 10-19] = Asial

B Azial  Tensor

{g
= 10—19 W T'ensor
=3
=

9. /19%,
—
o
S

=21

These limits imply Br(t — £x)<1077,
which supersedes the ARGUS bound:
BaBar & Belle(-IT) should not only improve
that bound but reach similar ULs to other

LFV decays

19,1193}

- —e—put
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Phenomenology: Forward-Backward Asymmetry
L — bxy

= Forward-Backward Asymmetry with 6 angle between leptons in the
rest frame of the £ — x (py + Py = 0) system.

1.1}

1.0}

E

0.9}

08¢ T o XY
01 02 03 04 05 06 07 08

B,(GeV)

= Spin 0 (S,P) & Spin 1 cases (V, A, B) could be disentangled easily.
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Phenomenology: Dalitz Plot distributions L — £xy

= Spin 0 cases
(S, P) are
pretty similar.

2 ° °
1.0 8 8 § oo
-0s
0.8
-10 -10
0.6 02 04 06 01 02 03 04 05 06 07 0110 0115 0120 0.125
E/ [Gov) E; [Gev] E (GeV]
0.4 Mo —
T—Mu
(€ my—0 () my= 2T (g)my — t, -y
0.2
0 10

= Spin 1 cases

(Vi Ay, B \
10
02 o4 06 08 01 02 03 04 05 05 07
are pretty £/ [Gev) £, [Gev) TG0 ois om0 ois
similar. i _ Mr—my ;
(h) my — 0 (l) my = 5 (J) my — My—my,
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Phenomenology: Scale Model-Independently?

Can we interpret our impressive bounds on the x couplings in terms of
a LARGE NP scale model-independently?
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Phenomenology: Scale Model-Independently?

Can we interpret our impressive bounds on the x couplings in terms of
a LARGE NP scale model-independently?

= It is not possible = our L;,; includes only renormalizable

interactions.

= If L;,; is invariant under the Electroweak Symmetry =
s,p1) _ 91>

9ij =" 2n
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Phenomenology: Scale Model-Independently?

Can we interpret our impressive bounds on the x couplings in terms of
a LARGE NP scale model-independently?

= It is not possible = our L;,; includes only renormalizable
interactions.
= If L;,; is invariant under the Electroweak Symmetry =

S, P,
(s,pT) _ g1

9ij V2A

1(S,P,T)

Assuming g, ~e~1/3 (for my — 0):

o If x = By, for L + { transitions = 10° TeV.
o If Y =5, P, for ju <+ e transitions = 10° TeV.
o If y =S, P, for 7 < (¢ transitions = 10® TeV.
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Phenomenology:Leptons Anomalous Magnetic Moment

Aay = a™ —a; ™ = 268(63) Bap(43) Theo x 107, Aae = al*P—aZM = —87(36) gapx 10714
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Phenomenology:Leptons Anomalous Magnetic Moment

Aay = a™ —a; ™ = 268(63) Bap(43) Theo x 107, Aae = al*P—aZM = —87(36) gapx 10714

X = By, this contribution was not
computed before
i

27 (£—1)(3z+1
AaP :( T)2 2m? fl Ty (z—1)(3z+1)+
" g,uf 7r2m3< 0

u~ Auf can be obtained with
trivial changes

—1)3(p— e _oMme
mi(z 1)°(z mﬂ)(z 2mu+1)

mZ x

m2
(1-2)(of — 2 x)+a
X X
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Phenomenology:Leptons Anomalous Magnetic Moment

ANay, = al"P—ai™ = 268(63) pop(43)Theox 107, Aae = al™P—afM = —87(36) ggpx 10714

x =5, P,V, A can be found in
X = By, this contribution was not —¥ Jegerlehner and Nyffeler’s review
computed before

2
21 (1 1) (3z41)+ b (2—1)3 (— TL) (2 —2 L 41
na = (g2 1 L (o-1) 8o+ 1) 2 (0—1)* (0= 220 (o—2 2 +1)
s I3 n ﬂzmi 0

u~ AuP can be obtained with
trivial changes

(-2)(oF —Fo)te
X X
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Phenomenology:Leptons Anomalous Magnetic Moment

ANay, = al"P—ai™ = 268(63) pop(43)Theox 107, Aae = al™P—afM = —87(36) ggpx 10714

x =5, P,V, A can be found in
5 X = By, this contribution was not —¥ Jegerlehner and Nyffeler’s review
computed before

2
m
2%(w—l)(31‘+1)+;§(x—l)g(w—%%)(a;—2%+l)

2m? 1
Daf = (g8 2t fo z

(-2)(oF —Fo)te
u~ AuP can be obtained with xoox
trivial changes

The largest contribution to |Aay, /.| that we get is < 1073(< 10719) for
small m,, and the spin-zero cases, so it clear that it is impossible that

the LFV interactions considered in this work provide any solutions for
such large discrepancies as currently reported in Aa,,/ -

=we obtain fully correlated signs of Aa
Aae < 0 for the x = P, A, T cases.
P —— o5 151

u/e» With Aay, > 0 for the x = S,V cases and
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Conclusions\Summary

It is in interesting to consider LF'V + boson with effective
Lagrangians: experimentally & theoretically (B & 7 — ¢ factories).

If discovered, it would be easy to find out x spin, but not parity
(Dalitz Plot & Ap_p).

In case there is an underlying EW symmetry x interactions with
H & V's would be out of reach.

e For x =S, P, B,,, if the Lagrangian is invariant under the
electroweak symmetry, the bounds on our couplings translate into
a new physics scale as high as 108,10° TeV.

e x has irrelevant contributions to Aa, and Aae.
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Thank you!

We should upload the pre-print to arXiv soon, so suggestions for
improvements are very welcome!!
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Why effective LF'V for L — ¢x?

= Effective Lagrangians offer the most general description of Physics that has not been
resolved yet.

=-Specific BSM models are given realizations of them. For instance:

I« Invisible axions associated with one symmetry breaking scale larger than the electroweak.
They can be DM candidates & linked to the smallness of v masses.

"“A Majoron or familon could be a light (pseudo)Goldstone boson corresponding to the
spontaneous breaking of a flavor symmetry

U

Included in the spin-zero part of our Lagrangians.

"“Z' bosons violating lepton universality (and most often lepton flavor) have been suggested
to explain several current anomalies.

I

Included in the spin-one part of our Lagrangians.

"“Invisible bosons of all types allowed by symmetry can also be mediators of L'V Standard
Model — Dark Matter interactions.
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Phenomenology: 7 — fx

= We restrict here to the decaying particle rest frame (work in progress for B-Factory
environment).

= From ARGUS Collaboration Br(r — au) < 5 x 1073 and Br(r — ae) < 2.7 x 1073 with
CL = 95%.

Laboratory Frame 7 Pseudorest Frame
6000 ——r—T——T——T T 8000 T
1 7000 £ 3
5000 > il E
3 6000 & E
4 ] A = 3
g 400 1 8 so0 & =
5 ] 3 E ]
o 3000 - > 4000 & —
g 108 w0 £ E
E 2000 1 3 3 3
= 1 = 2000 & 3
< 000 1 < E 3
3 1000 E 3
] E e rm—

I I 15

Dps [GeV/C] Plab [GeV/C]
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Phenomenology: If £ is invariant under SU(2); ® U(1),

=-Additional LFV processes show up in the original Lagrangian,
involving H (x = S, P, Byy) and left-handed v, (x = V), A,,).

Sor P
Br(H —17p"x) S1x10718 Br(H — 7Te™x) <2x1078 Br(H — pte ) <3x10722,
B

Br(H —707x) <25 x 107" Br(H — pTe x) <5 x 10718,

=However, since a Higgs-portal type coupling would be allowed, this would generate
H — xx (and consequently H — x/;{;) processes at rates likely much higher than those
given by our Lagrangian.

X — Vv, are unmeasurably small
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