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We assume a general Yukawa interaction with (only) neutrinos:
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We assume a general Yukawa interaction with (only) neutrinos:
Lyukawa = %gaﬁvoﬂ/ﬁ(bl + %‘g;gva75y,8¢2
This interactions can be found in many models, e. g.
Majoron and Related [1]
[1] Y. Chikashige, R. Mohapatra, and R. Peccei, Phys. Rev. Lett. 45, 1926 (1980).

Two Higgs Models [2]:
[2] arXiv:1507.07550 [hep-ph]
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It is possible to probe New Physics on Leptonic Decay

The idea is to use Mesons Leptonic Decays,

P—=l+v,+¢

[(P = lv) ~ G2, D(P = lw¢) ~ Gylgum |



New couplings are small Corrections to known physics

ot =P = )+ T'(P — lvg)

Decay Rate (P rest Frame)



New couplings are small Corrections to known physics

Tiot =T(P = ly) + T'(P — lyg)

Can't be observed on this experiment
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New couplings are small Corrections to known physics

CKM matrix Element

2
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New couplings are small Corrections to known physics

Chiral suppression

2
r(p_m,)zw<m ? [1_ <mz>1
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New couplings are small Corrections to known physics

Spin zero only needs a constant! |
q w

Meson Decay Constant
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New couplings are small Corrections to known physics

More on that later...

Meson Decay Constant

27
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We don’t know everything!

fr has same problems - Measured via decays
Heavy
Mesons

Others, just theoretical!
Errors

10/27
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It is a Three body Decay

Finally, Beyond SM:
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It is a Three body Decay

Following Barger, Keung and Pakvasa®

Calculated the corrections Ap;(m)

(x2+e2+6xe—ﬁx—ﬁe))\1/2(907575) g7
22(z—¢)> 3272

dT(P = lvg) =T},

Leptonic Decay rate (—>

for neutrino with Squared mass x

dx

G2 2 % 2,3 - b
Iy, = %[T +a—(z—a)]N2(1,z,a)
_m
=

4Phys. Rev. D 25, 907 (1982). 13 /27



It is a Three body Decay

Following Barger, Keung and Pakvasa®

Calculated the corrections Ap;(m)

(I2+€2+6x57ﬁm785)/\'/2(,17,€7g’i’) g}z da
22 (z—e)? 32m2

dT(P = lvg) =T,

Three body and Yukawa

4Phys. Rev. D 25, 907 (1982). 13 /27



It is like a virtual twobody!
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x varies angles and M?

miss
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It is Divergent!

Following Barger, Keung and Pakvasa®

2 +e?+6we—fr—Be) N/ 2 (x.¢,8)
AL (P — lvg) _p,, Lt “”;2(5_6)2) =2 A dy

Phys. Rev. D 25, 907 (1982).



It is Divergent!

Following Barger, Keung and Pakvasa®

22 +e2+6zeBTRe)A1/2 x,€,0 2
dU(P — lvg) = Tlu( m) ( )3522 dz

Infrared Divergent!!
Phys. Rev. D 25, 907 (1982).
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It is not Divergent
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Decays from 7, K, D", D,, B

Using a x2:

2= Z [Cpi(1+ Apig?) — aPl]2
Pl

2
0pi
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Decays from 7, K, D", D,, B

Using a x2:

_ Z [Cpi(1+ APlgl ) — apz}
Pl

JPz l

Experimental Data 8 Decays:
m, K,D*,D,,B
[5] PDG Chin. Phys. C 38, 090001 (2014).
[6] BESIII Collaboration, Phys. Rev. D 89, no. 5, 051104 (2014)
[7] BaBar Collaboration, arXiv:1003.3063 [hep-ex].
[8] Belle Collaboration, JHEP 1309, 139(2013).
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Bounds on 7, K, D", D,, B
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Continuous peaks = [v¢ decay
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Continuous peaks = [r¢ decay

Heavy Neutrino Search allows to use this calculations too!

The three body decay mimic a continuos mass spectrum of heavy neutrino

They look for peaks on the SM decay spectrum

L B

my 21/27
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Heavy Search Uses Lepton Spectrum — much better

Conclusions

10°

We improved the bounds on the constants!

Our Results are valid up to mg ~ 100 MeV

’ Constants ‘ Our Results ‘ [10] ‘ [11] ‘ N

97 | <19x10°|<44x107°|<1.6x100°] "™
gu7 [<1.9%x1077 [ <3.6x 10

9-]° <75 <22x 107!
Table: Limits setting mg = 0. . .
10° 10 10%
[10] A. P. Lessa and O. L. G. Peres, Phys. Rev. D 75, 094001 (2007). myMeV]
[11] J. B. Albert et al. [EXO-200], Phys. Rev. D 90, no. 9, 092004 (2014).
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Heavy Search Uses Lepton Spectrum — much better

Conclusions

We improved the bounds on the constants!

Our Results are valid up to mg ~ 100 MeV

’ Constants ‘ Our Results ‘ [10] ‘
|ge|? <1.9%x10%[<44x107° | <1.6x107°
g2 <1.9x1077|<3.6x1074
g+ <75 <22x107T

Table: Limits setting mg = 0.
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We need second order corrections..

Radiative Corrections?!
Tree Level Lepton Radiative Corrections

N _—

PPy = TO (1422 log(2e) 1+ 2 F ()]

mp

Low Distance Radiative Corrections

2W. J. Marciano and A. Sirlin, Phys. Rev. Lett. 71, 3629 (1993). 25 /27



Missing Energy Allows Probe New Physics
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Bounds on 7, K, D", D,, B
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