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Type | Seesaw Mechanism

Ve,VM,VT +VR].)VR2
Where the vg have large masses.

The nature for the neutrinos can be:
@ Dirac Type (LNC Process).
e Majorana Type (LNV Process).
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Type | Seesaw Mechanism

_ 1 -
L=Lsy+ > [*YardNig-— 5 NERMNog + h.c (1)
a=e,[,T
0 imp O
M, = mg 0 M (2)
0 M 0

Adding LNV parameters €,u,11’.
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Type | Seesaw Mechanism

Parametrization

Mixing Matrix

U= ((Uaé)3x3 (Uah)3x2> (4)

(Usf)2x3 Ush 2x2

one can write

Uas = +2, A\ M. COSh’YeXP:F'Q Uss >~ iz, RS e coshfyexp:F’e (5)

Where ~, 6 are parameters Casas-lbarra R matrix
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Type | Seesaw Mechanism

With this parametrization, we can rebuild the mass matrix

0 (mp™)aa  (ME™)as
M, =1 (mME")  Ma 0 (6)
(mE™)1s 0 Ms
(mp™) a4 i(Za)*\/mcoshvei"e ,
(mp™)as

(7)
—i(Z3)*\/ m3Ms cosh v et
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Type | Seesaw Mechanism

With this parametrization, we can rebuild the mass matrix

0 (mrbew)all (mrﬂl)cw)aS
M, = (mE¥),  Ma 0 (6)
(mp™)ls 0 Ms
(mp™)aa

+(Z,)*/m3Mj cosh e T | (7)
s =~ —i(Z)"/m3Ms coshy eT? .

M, and M), are related by are redefinition of vg1, Vg2
and p,e ~ O(my)

we found : ’

(=M= Ms — M, |

w — 0
N; — Pseudo — Dirac Neutrinos
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Pseudo-Dirac Neutrinos at the ILC

Dirac Neutrinos : ete™ — N

do
dp f
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Pseudo-Dirac Neutrinos at the ILC

Majorana Neutrinos : ete™ — vN

do
dn
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Pseudo-Dirac Neutrinos at the ILC

et — UNT — W — vl |

Diagram A (LNC) Diagram B (LNV)
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Pseudo-Dirac Neutrinos at the ILC

the square element matrix.

(Mal? = 7 <g> > Qi | G2’ €i(pa) €s(pa)

v2) |42, (10)
b4
where:
U*.Ug; Ut
Oy = M7 "er N=qag2— M2+ iM:T:
Aj ) f(Mj))=q M; + iM;T; (11)
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Pseudo-Dirac Neutrinos at the ILC

the square element matrix.

(Mal? = 7 <g> > Qi | G2’ €i(pa) €s(pa)

v2) |42, (10)
b4
where:
U*.Ug; Ut
Oy = M7 "er N=qag2— M2+ iM:T:
Aj ) f(Mj))=q M; + iM;T; (11)

in the LNC limit: Mg — M,y 5 — T4

GLNC _ 417,12 5 5 4 m2 1
A =8 Ze|"| 2|7 |Uey|” cosh™ a5

M2 TP (12)
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Pseudo-Dirac Neutrinos at the ILC

Mg|* = . ( A >6 Z MMkQB G2’ €x(pa) €5(pa)
— a2\ 5 ) Bk B X 4
4\v2) |4z, @ (13)
bp
where:
U* U U.,
Qpj = I f(Mj) = q> — M? + iM; T; (14)

f(M;)
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Pseudo-Dirac Neutrinos at the ILC

'Ms'zzl<g>6 Z M e, | G (o) es(pa)
4\ 2 ~ q2 B | GB° €x (13)
g
where:
U* Ut Uey
Qp = 9= f(M)) = q*> — M? + iM; T; (14)
) f(Mj) J J J )
in the LNC limit: Mg — M,y 5 = 4
dENC — ¢ (15)
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Pseudo-Dirac Neutrinos at the ILC

We do an expansion:

2 4
LNC m M
(DB —>4|Z'u|2|Ze|2|Uey‘2COSh4’}/45 3 4

— o~z X
Mg @?|f(Ma)[*

ra 1 4 (16)
4 2 25T 4 4
KHWE) (6M)* + Z(3T) +2M45r5/v/}

we have : OM > 6l
if we consider the heavy neutrino on-shell:

dp LNC r2 SM\?
— 1 — 17
< (DA ) on—shell ( " 4M4% r4 ( )
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Forward-Backward Asymmetry and Results

The condition for Displaced Vertices:

J
et
w .
J
v
W
e wo
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Forward-Backward Asymmetry and Results

The condition for Displaced Vertices:

vs
> —V?P— <
10 um < Ly <249 m L, < 3.018 m.
Lypt —L,pt
dy = M > 6 um
PT

S. Antusch, E. Cazzato, O. Fischer
DOI: 10.1007/JHEP12(2016)007
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Forward-Backward Asymmetry and Results

In this work , we have two scenarios:

Name | Mass (GeV) | [Uual® | T4 (meV) | c7a (um)
Light 5 1.0x107° 0.02 10
Heavy 20 5.0x107° 20 0.01
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ry and Resul

M=5 GeV
Number of events = 86
£ g
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E g
a a
z =
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2 =
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M=20 GeV
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Forward-Backward Asymmetry and Results

the asimetry was calculate with the next expresion:

N0 >0) = N5(n <0)
n +
Ntot

(20)
the total asimetry:

- +
An _An

tot _
A" = 5

(21)
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Forward-Backward Asymmetry and Results
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Forward-Backward Asymmetry and Results

M=20 GeV
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Forward-Backward Asymmetry and Results
Conclusions

@ For M =5 GeV, we found upper or lower limits on §M ~ 50ueV, and
for M = 20 GeV, 6M ~ 20meV

@ we can probe the nature of the neutrinos by the observing or not in
the n distribution of the lepton.

XIl SILAFAE - PUCP



Acknowledgments
Acknowledgments

Thanks

XIl SILAFAE - PUCP



Acknowledgments
Acknowledgments

e HEP-PUCP

o Becas Jovenes Investigadores 2017 de paises en vias de
desarrollo del Programa de Cooperacion 0’7 de la Universitat

de Valéncia.

Eno*

\%’{100

dheas i &_}? CIENCIACTIVA

A CONCY TEC

rrrrrrrrrrrrrrrrrrrrrr

Wd ) XII SILAFAE - PUCP



Apendice A

Diagram A:
M = Ueny"(1-7°) (1)
M= U1 =7°) (2)
M =U;7"(1-1°) (3)

Diagram B:
M = Uepy"(1 — '75) (4)
M= Uiy (1 -7°) (5)
M= Uny"(1-7°) (6)
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et — Uan(1 — 75)7;& (7)
P = 709440 (8)
we have:

re=crerct (9)
C(¥#y°)TCh =ty (10)
CM)TCt=— (11)

Diagram A:
[ = —Uspy"(1+7°) (12)

Diagram B:
M = —Uey" (1 +9°) (13)

Heavy neutrino propagator:
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CT(1—7°) T Clh =41 +4°)
CTAHT(1+4°)7Cl =~"(1++°)

CT(]. +,YS)T,YATCT _ ’}/)\(1 o ,YS)

Apendice B
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Apendice C

(m

(mp

Backup

my

Zy = (Upmins)as £ iy / —(Upnins) a2
m3

b)

neW)

a4

ab

~1/2
(1+ my? R ML R my?)

. 112
(14 M, 2 Ry RY M)

~ +(Z,)*\/m3Mjycosh~yeT?
~ —i(Z,)*/m3Ms cosh~ eT .
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Backup
Dirac and Majorana Neutrinos

Dirac Neutrinos

V=V, +V¥p (28)

Majorana Neutrinos
Vg =CV, (29)
V=W, +Wg=W, + CU, =uC (30)

Majorana condition
mass terms: mRﬁRy,g,mL?/_VLC
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Backup
Type | Seesaw Mechanism

Fuente:www . physics.umd.edu/news / photon/ iss040 / spot _ research. html

mass matrix

0 imp 0O
M= m), 0 M (31)
0'M 0
Mllght = —mD(m) 1mDT (32)
Mheavy - m (33)
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@ The model was implement in SARAH 4.12.3, and the parameters are
obtained from SPheno 3.3.8.

@ The output of the previous programs is introduced in WHIZARD
2.6.0, in which eTe™ interactions are generated.

@ The simulation includes initial state polarization, ISR and
Beamstrahlung.

o We used /s = 250 GeV and an integrated luminosity of 2ab™*.

@ The Parton Shower and the Hadronization with Pythia 6, and for the
events reconstrucction with Delphes 3.4.1, we use the DsiD card for
the ILC.
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