
Neutrino P-hyo.is Course

lecture x

22/7/2022

LATE
Summer 2022



e-qoscillali-an.TO
siltation ⇔

but a oui

Gui = E GE = E F

in order to lead e-µ

⇒ large E

• ÑR → Atl l = e,µ
N = Ni

,
Nz

(¥:*, )*!"e:*, )r Wr



Ni
,
Nz = Mass eigenstates
l
, (o) = Cao e + tingle
klo)=-ñu⊖e+cn

Imai > 5in = E 1- ≈ _Mr Tr

Tr ⇐ d_M-r

(DmÑ>LM MN ✗ In
(at
_ Mwm=_Mr ✗ UR

(b) look IN) = E÷ñn¥
≈ %jj;÷*- lookAmar



Dinar→ Mpf⇒

lcoh (N) ≈ 1021mn to 10-210-1
"

an

-

MR L 104GW

⇒ (Ni,z≠cohaa-
• Q . Con l, (a) → lz(o) ?

(a) Dui
,
≈ regia Tui

lmiax•ñ=



look = É÷µr÷≈•:µ
7100€ ⇒ oscillations

MRµµ ≥ 104cm

Mm ≥ 10210-2 GetFem
↑

(up ≈ 15
'

aw)

Gwan ≈ 10
'"

↓

(_M-r≥1o"a-



• Ty ≈ 156nsec ≈ 104am ≈ 100m

In (E) ≈ ÷
,
tµ(rest)

E ≈ Mr ≈ lol
"
Gev

⇒ E/µµ ≈ 101J

ftile-mrj-n.IO/9ae#



Uutouglingseesow

A-
u =

- _M_Ñ ¥w MD

-

not complete in RR £_M_

→ A-
n = YFp.nl, Mwr -_ for

-My = YD Ism MY = F. Ism

→ a. ≈ "÷
induced

Ly (b) = LTC Ya, Allie +
+ lrtc Yan Dr lr + h.ci



< a) =/{ 91--0

lˢ%=;⇒=
• P : A

,
Dr

☒ ☒
+
⇐

↓

Ya = YAR

YD = Yj

• C : f, → c-frt-irzfp.it



¥

%É
"

}verify
Yp=Y

↓ neutrino mass

"÷÷:÷÷couplet neutrino mass



It
,
= Yoji h -

MD.tw#D-M-n---M-uF--YisI4z
↓ LR = C

µ=e%→→÷ms = %r

-

NemerFeb
,
Fella

,
G
. S.

"

20 12

↓



E. are -⇐"I

Mrs )'= e- ÷n-M-u
a

¥%H¥É÷¥÷
⇒ ⊖=±µw%= /e- a-

ou

}
%) oscill .



In = Urwin VRT|%=↑*%u
a-

Message CLRSM )

SH + ? Ceuiuiueal)

(a) SM * OR
-

( Type I

seesaw)
semantics

why ?



_M→ = - Not÷ A-
☐

I

d-
☐ = i 0

00T= 1
, 0 E- C

(b) SM * A
, =-D

XD- UD ut

predictive

L= Lsm t LD + Lis
,
sm

I
\



Lis = Tv ⑨µ D)
+⑨A l - T/A)

→Ésm=e+ke
F-

"

Y (D) = -2 Y@e)
=* 222

+§*a%É
+

µ ∅ Tira A-
*

∅ + h.ci

Y: 1 - z
1
= 0

IT

Tr IE d-(Dr >☒+



VID) = Nlf Tv D&D + - - - -

+
µ ∅ Tioz A* § + k.ci

D= (
ᵗ+

so - s + )
* 0--1:)

T(so) = + cups to SF +

+

µ V28◦
*
+ h.ci

÷* =µ v2 + Mpi to + - -- = 0

↓



lr÷)
Ms -• ⇒ {to >→0

µm C) ⇒µ-u=Y☐<s②-
Tape E seesaw

Maag , WeHench
La}aides , /Hati,

Mohapatra , 6. S .

¥



8-+ @if c @☐ 7.j ej
=

= I ++

eitc-M-y.si#eiH/s---eiei)TxC-M-u1ijyIeesow-yMrs--You



↓ Type I ↓ Type

E-M-u~9.FI
A-v•Yb↑÷ñMN

(µ ~ this
a

Ya%)

comuim-fatw.E.w-TE.eu
01=5 Weinberg
r



I

(Ñioz&)c(Ñir#
A-
new

⇒ ≈I ≈ MI
d-
new

A- new

Heech2
⇐

Type I ieesow

→ CDF W- mass deviation



CDF-W-euassdlriatimf-F.cm?Y-j--1Ch-ee7
+ ¥ ME-µw%I + CORD

CDF ⇒ f ≠ fsds

Type I : (b)

Cʰ:ÉˢÑ•
↓



9 = Ssm + 01%7+ -

éoo①
if this was all

⇒ {g) ≈ 5 Get

1but

%:p ¥ %±µ;→i . .
. -

both loops and (D)



tf ? Meech

(d) Is ett Cs MeV)

A-
u
= Ya (D)

• if <d) ≈ her ⇒ 9+-10-9
• if (b) a Mev ⇒ Yo = - - ?

observable

[biq



• Higgs : Mn ≈

.co/)(-eiot+--%aA-#
-

• (A) = anti - Higgsµ,,µw⇒g,,,µ-
Dm <$7 = % - ig T, we (4)

+ if (d) TRWR



I

Mwpi = <DRY + <¢-72

Wi-Wru(
a

3in • 4¥. ≈ :÷
Mwr ≥ 5 Tet

Mw, ≈ to AN

}cr≤3✗Ñ#
P



M mine

§Wr Mri

⇒ 3in ≈ <µ¥


